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What’s a common 


denominator 
of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,! and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol 2 
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A powerful 
case for 


[OP IID = 


gemfibrozil ) aes 


Raised low HDL 25% 


—in patients whose baseline HDL was below 
35 mg/dL in the landmark Helsinki Heart Study (HHS)? 


Reduced heart attack 
incidence* up to 62%% 


—in these HHS patients and 45% in HHS patients whose 
baseline HDL was below the median (464 mg/dL). Incidence 
of serious Coronary events was similar for LOPID and placebo 
subgroups with baseline HDL above the median (464 mg/dL)? 


Raised HDL levels 1/^ to 3 times 
more effectively than lovastatin 


—in a 12-week, double-blind, randomized trial among 
patients with moderate to severe hyperlipidemia. 
Lovastatin achieved greater reductions in total serum 
cholesterol than gemfibrozil in this study population“ 


RAISES HDL 
DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease 
(CHD) in Type llb patients with low HDL, in addition to elevated LDL 
and triglycerides, and who have had an inadequate response to weight 
loss, diet, exercise, and other pharmacologic agents such as bile acid 
sequestrants and nicotinic acid. 


*Defined as a combination of definite coronary death and/or definite 


coro; 
1973;52:1533-1543. 2. 

Trial. Zürich: Pansc 

4. Tikkanen MJ, Helve E, Jaatte 
treatment of primary hypercho 
1988;62:35]-43]. 


Please see last page of this advertisement for warnings, 
contraindications, and brief summary of prescribing information. © 1989 Warner-Lambert Company 





TOTAL 


<35. 


PARKE-DAVIS 


mg/dL 


What’s a common 
denominator 

of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,! and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (< 35 mg/dL) baseline level of mI DE 
cholesterol 2 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)2 





214 Lopid* (Gemfi brozil Capsules and Tablets) 


. . Stones during the study within the Lopid 


Before prescribing, please see full prescribing information. 
. A Brief Summary follows. 


CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. 

2. Preexisting gallbladder disease (See WAR 

3. Hypersensitivity to gemfibrozil, ' 
WARNINGS. 1. Because of chemical, pharm 
tween gemfibrozil and clofibrate, the adverse 
studies may also apply to gemfibrozil. In the fi 
Project, 1000 subjects with previous myocardi 
With clofibrate. There was no difference in mortatit. 
jects and 3000 placebo-treated subjects, but twice y clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requirin ry. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 1/2 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p- 0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 12 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p- 0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
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' and clinical similarities be- 
. clofibrate in two large clinical 
studies, the Coronary Drug 
| were treated for five years 
en the clofibrate-treated sub- 





treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ Statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 


| .. excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 


studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 


ux Frequent prothrombin determinations are advisable until it has been definitely determined 


that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 


tory lipid response to either drug alone, the possible benefit of combined therapy with 


lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROT HROMBIN LEVEL HAS STABILIZED. 

4, Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver Carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not Statistically significant (p=0.1). In high dose female rats, there 
Was a significant increase in the combined incidence of benign, and malignant liver 


neoplasms. In male and female mice, there were no Statistically significant differences 
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Lopid® (Gemfibrozil Capsules and Tablets) 


from controls in the incidence of liver tumors, but the doses tested were lo 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of beni 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxis 
tion following Lopid administration to the male rat. An adequate study to te 
isome proliferation has not been done in humans but changes in peroxisor 
morphology have been observed. Peroxisome proliferation has been shov 
humans with either of two other drugs of the fibrate class when liver biopsie 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male ré 
resulted in a dose-related decrease of fertility. Subsequent studies demons 
effect was reversed after a drug-free period of about eight weeks, and it wa: 
ted to the offspring. 

5. Pregnancy Category B— Reproduction studies have been performec 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 67 times th 
dose. These studies have revealed no evidence of impaired fertility in femal 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth ri 
at the high dose levels. No significant malformations were found among aln 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is t 
male and female rats, the use of Lopid in pregnancy should be reserved for 
tients where the benefit clearly outweighs the possible risk to the patient or 1 

6. Nursing Mothers — Because of the potential for tumorigenicity shown 
fibrozil in rats, a decision should be made whether to discontinue nursing ot 
the drug, taking into account the im portance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white bloc 
decreases have been observed in occasional patients following initiation of | 
therapy. However, these levels stabilize during long-term administration. Rar 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have 
reported. Therefore, periodic blood counts are recommended during the fir: 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed oc 
during Lopid administration, incl 
tions of AST (SGOT), ALT (SGPT) 
rubin, and alkaline phosphatase. 
usually reversible when Lopid is | 
tinued. Therefore periodic liver ft 
studies are recommended and L 
should be terminated if abnormz 

9. Use in Children — Safety ar 
children have not been establish: 
ADVERSE REACTIONS. In the: 
controlled phase of the Helsinki - 
2046 patients received Lopid for t 
In that study, the following advers 
were statistically more frequent in 
the Lopid group (placebo incider 
theses): gastrointestinal reactions 

(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute app 
(histologically confirmed in most cases where data are available), 1.2% (0.6% 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a signific 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%): eczema, 1.9% (1.2%); re 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.19 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo « 
64% excess, which is not statistically different from the excess of gallbladder s 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. 
adverse reactions that were more common among Lopid treatment group sut 
where a causal relationship was not established include cataracts, peripheral 
disease, and intracerebial hemorrhage. 

From other studies it seems probable that Lopid is causally related to the oc 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver fu 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infex 
more common in gemfibrozil-treated patients in other controlled clinical trials of 8t 

Additional adverse reactions that have been reported for gemfibrozil are liste 
by system. These are categorized according to whether a causal relationship t 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; | 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decr 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence: 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgiz 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PREC 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilit 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline pho 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; In 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: | 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocyto 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis: Integumentary: alo 
DOSAGE AND ADMINISTRATION, The recommended dose for adults is 120! 
administered in two divided doses 30 minutes before the morning and evening 
MANAGEMENT OF OVERDOSE. While there has been no reported case of o 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Engl J Med 
1987;317:1237-1245. 2. Manninen V. Elo O, Frick MH, et al: Lipid alterations and 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 19i 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related dis 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Ir. 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription. 
PARKE-DAVIS $ 
Div of Warner-Lambert Co 
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CORONARY ARTERY DISEASE 


SSN SS oe ae LIC 
Effect of Diltiazem on Cardiac Rate and Rhythm After 
Acute Myocardial Infarction 

J. Thomas Bigger, Jr., James Coromilas, Linda M. Rolnitzky, 
Joseph L. Fleiss, Robert E. Kleiger and the Multicenter 
Diltiazem Postinfarction Trial Investigators 


Does diltiazem reduce the frequency and repetitiveness of ven- 
tricular arrhythmias after myocardial infarction? In the 2,466 
patients participating in the Multicenter Diltiazem Postinfarc- 
tion Trial, 1,546 had a 24-hour continuous electrocardiograph- 
ic recording that contained 212 hours of analyzable data after 
3 months of follow-up. Diltiazem's lack of effect on ventricular 
arrhythmias may be partially responsible for its lack of effect 
on mortality after myocardial infarction. 


547 Hal OT ICT PAID Tide e NI BE Co B SO donee. ERIS OMEN 
Influence of Heart Rate on Mortality After Acute 
Myocardial Infarction 

Àke Hjalmarson, Elizabeth A. Gilpin, John Kjekshus, 

Gregory Schieman, Pascal Nicod, Hartmut Henning, and 
John Ross, Jr. 


We examined the relation of heart rate to mortality up to 1 
year in patients with acute myocardial infarction using admis- 
sion HR, its maximum value in the coa care unit and the 
level at hospital discharge. HR was independently predictive of 
l-year mortality in multivariate analysis. Beta blockers or oth- 
er newer bradycardia agents might be beneficial in patients 
who have an elevated HR with absent or only mild heart 
failure. 


DENEN ou ou ose a a ee 
Influence of Anterograde Flow in the Infarct Artery on 
the Incidence of Late Potentials After Acute Myocardial 
Infarction 

Richard A. Lange, Ricardo G. Cigarroa, Peter J. Wells, 

Mark S. Kremers, and L. David Hillis 


We performed signal-averaged electrocardiography in 109 
subjects after infarction, 49 with and 60 without anterograde 
flow in the infarct artery. Anterograde flow in the infarct ar- 
tery after myocardial infarction is associated with a low inci- 
dence of late potentials on signal-averaged electrocardiogra- 
phy, whereas the absence of anterograde flow is more often 
associated with late potentials. 


559 Na rci M Cd A io 
Age-Related Prognosis After Myocardial Infarction 
(The Multicenter Diltiazem Postinfarction Trial) 

Frank |. Marcus, Karen Friday, John McCans, Thomas Moon, 
Elizabeth Hahn, Leonard Cobb, Jesse Edwards, and 

Lewis Kuller 
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What is the basis for the excess mortality wi 
myocardial infarction? We examined age-re 
dictive of mortality and age-related mecha 
deaths in 2,466 patients enrolled in a placebo- 
determine the effect of diltiazem on mortalit: 
after AMI. Multivariate survival analysis stil 
an independent risk factor for cardiac death, 
nism of death did not differ by age or treat 


567 

Early Estimation of Risk by Echocardiog 
Determination of Wall Motion Index in a 
Population with Acute Myocardial Infar« 
Jens Berning and Frank Steensgaard-Hanser 


In an unselected, consecutive series of 201 p: 
myocardial infarction echocardiographic e» 
admittance and before discharge showed no c 
tricular wall motion index in 179 survivors (\ 
1.4 + 0.4, p 70.05). Routine, early risk strat 
cardiography facilitates a rational, individ 
policy in the coronary care unit and provides : 
for randomization of patients with AMI in c 


577 TES LEANE EN 8 3 PHP CIC 
Double-Blind Comparison of Once Daily 
Versus Propranolol Four Times Daily in 
Angina Pectoris 

Kenneth A. Narahara for the Betaxolol Inves 


We tested the antianginal efficacy of 20 and 
lol given once daily with 40 and 80 mg of pr 
times daily. In this double-blind, 10-week 1 
patients with stable angina pectoris, betaxol 


583 Shas ja HOMO a UIS ies T UP 
Silent Myocardial Ischemia as a Potenti: 
Lack of Premonitoring Symptoms and Ir 
of Cardiac Arrest During Physical Stres: 
Eike Hoberg, Gerhard Schuler, Bernd Kunze 
Anne-Liese Obermoser, Klaus Hauer, Hans-F 
Günter Schlierf, and Wolfgang Kübler 


The risk of cardiac arrest is increased 6- 1 
supervised training sessions of patients in carc 
programs, yet the underlying mechanism for 
threatening ventricular arrhythmias is uncle 
we found that the incidence of silent myoca: 
lated malignant ventricular arrhythmias wa 
fold during training sessions. We suggest tha 
al ischemia may be causally related to the inc 
ular arrhythmias in a subgroup of patients | 
tery disease. 
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mg/dL 


What’s a common 


denominator 
of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,! and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol.? 


HEART ATTACK PATIENTS 
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cio, M Dirac SSE UG. ana SSE le ii I ee 
Value of Right-Sided Cardiac Catheterization in 
Patients Undergoing Left-Sided Cardiac 
Catheterization for Evaluation of Coronary Artery 


Disease 
James A. Hill, Ariel A. Miranda, Stephen G. Keim, Marshall H. 
Decker, Jose |. Gonzalez, and Charles R. Lambert 


The value of right-sided cardiac catheterization was assessed 
prospectively in 200 patients undergoing left-sided catheteriza- 
tion for evaluation of known or suspected coronary artery dis- 
ease. Abnormalities were detected in 69 (35%) patients (37 
unsuspected) and in 3 patients, further evaluation was prompt- 
ed; management was altered in only 3 (1.5%) patients as a 
result of data obtained by right-sided catheterization. This ad- 
ditional procedure rarely adds clinically useful information in 
patients undergoing left-sided catheterization and angiography 
for coronary artery disease. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


594 


Value of Electrophysiologic Testing in Patients with 


Previous Myocardial Infarction and Nonsustained 
Ventricular Tachycardia 

Peter R. Kowey, Harvey L. Waxman, Arnold Greenspon, 
Richard Greenberg, David Poll, Steven Kutalek, 

Larry Gessman, Larry Muenz, and the Philadelphia 
Arrhythmia Group 


This retrospective study followed 205 asymptomatic patients 
who had had a myocardial infarction and showed nonsustained 
ventricular tachycardia on Holter monitoring to assess the val- 
ue of electrophysiologic testing. Electrophysiologic testing did 
not have independent predictive value in patients with nonsus- 
tained VT; only left ventricular function did. Antiarrhythmic 
treatment had no apparent impact on survival. 


Diuretic Therapy and Ventricular Arrhythmias in 


Persons 65 Years of Age and Older 
Martin G. Myers 


What is the effect of hydrochlorothiazide on the frequency and 
severity of ventricular arrhythmias? Thirty-seven elderly pa- 
tients were examined via 24-hour Holter monitoring using a 
randomized, double-blind, crossover design with 3 treatment 
phases. Compared with placebo, hydrochlorothiazide did not 
increase the frequency or severity of ventricular arrhythmias in 
this elderly population. 


ig ee es ee or CAMERE UOS NE 
Effects of Transdermal Scopolamine on Heart Rate 
Variability in Normal Subjects 

Tomas Vybiral, Robert J. Bryg, Michael E. Maddens, 

Surjit S. Bhasin, Simon Cronin, William E. Boden, and 
Michael H. Lehmann 


A6 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


Over a period of 24 hours, transdermal scopolamine 
cantly increased both time- and frequency-domain ind 
heart rate variability, reflecting a vagomimetic effect. P 
cologic enhancement of parasympathetic tone, therefc 
feasible approach for investigating autonomic imbalanc 
tients with myocardial infarction, heart failure or 
arrhythmias. 


609 À 
Efficacy and Tolerance of High-Dose Intravenous 
Amiodarone for Recurrent, Refractory Ventriculz 
Tachycardia 

Aryan N. Mooss, Syed M. Mohiuddin, Tom T. Hee, 
Dennis J. Esterbrooks, Daniel E. Hilleman, Karen S. R« 
and Michael H. Sketch, Sr. 


High-dose intravenous amiodarone was given to 35 | 
with recurrent life-threatening ventricular tachycardia 
tory to other antiarrhythmic agents. After an average 
up of 18 months, results show that the higher dosage 
this study was not more efficacious and resulted in an u 
tably high incidence of serious adverse effects. 


615 

Programmed Ventricular Stimulation Using Up t 
Extrastimuli and Repetition of Double Extrastimu 
for Induction of Ventricular Tachycardia: A New 

Sensitive and Specific Protocol 

Bernard Belhassen, Itzhak Shapira, David Sheps, and 

Shlomo Laniado 


We modified a standard protocol of programmed ven 
stimulation using up to 2 extrastimuli to include repet 
double extrastimulation at the shortest coupling interv 
allowed ventricular capture. Repetition of double extras 
tion appeared to play an important role in the high se: 
of the protocol, especially in patients who presented w 
tricular fibrillation. 


623 

Effects of Upright Posture on Atrioventricular 
Accessory Pathway Conduction 

Michael J. Reiter and David E. Mann 


The electrophysiologic effects of 45° head-up tilt were 
in 19 patients with atrioventricular accessory pathwa 
right posture enhanced both anterograde and retrograd 
sory pathway conduction. Rate of both atrial fibrillat 
orthodromic tachycardia was increased during head 
The tachycardia rate with head-up tilt was closer to the 
clinical tachycardia than the rate in the supine positi 


628 
Electrophysiologic Effects and Efficacy of Cibenz 
on Stimulation-Induced Atrial Fibrillation and Flu 
and Implications for Treatment of Paroxysmal A 
Fibrillation 

Volker Kühlkamp, Juliane Meerhof, Frank Schmidt, Fr 
Mayer, Oliver Ickrath, Rainer Haasis, and Ludger Seip 
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The effects of the new class I antiarrhythmic drug cibenzoline 
(1.5 mg/kg, intravenously) on atrial vulnerability and electro- 
physiology were assessed in 25 patients with documented par- 
oxysmal atrial fibrillation, in whom sustained (>30 seconds) 
AF was induced by atrial stimulation. Thus, cibenzoline may 
be effective in the treatment of atrial arrhythmias. 


SYSTEMIC HYPERTENSION 


Relation of Moderate Alcohol Consumption and Risk of 
Systemic Hypertension in Women 

Jacqueline C.M. Witteman, Walter C. Willett, Meir J. 
Stampfer, Graham A. Colditz, Frans J. Kok, Frank M. Sacks, 
Frank E. Speizer, Bernard Rosner, and Charles H. Hennekens 


The relation between alcohol consumption and the risk of de- 
velopment of hypertension was studied among 58,218 US fe- 
male registered nurses aged 34 to 59 years who were free of 
diagnosed systemic hypertension and other major diseases. 
During 4 years of follow-up 3,275 women reported an initial 
diagnosis of hypertension; when compared to nondrinkers, 
women drinking 20 to 34 g of alcohol per day (about 2 or 3 
drinks) had a significantly elevated relative risk of 1.4 (a 4096 
increase). These prospective data suggest that alcohol intake of 
up to about 20 g/day does not increase the risk of hypertension 
among women, but beyond this level, the risk increases 
progressively. 


CONGESTIVE HEART FAILURE 


638 La cr e Ire I PE SOM OP I a 
Rest and Exercise Cardiovascular Effects of Terazosin 
in Congestive Heart Failure 

Raymond D. Magorien, Sukirtharan Sinnathamby, Carl Leier, 
Harris Boudoulas, and Donald V. Unverferth 


The effects of terazosin, an o, antagonist, were examined in 10 
patients with congestive heart failure. Resting and exercise 
central hemodynamics, coronary blood flow and myocardial 
energetics were measured. Terazosin displayed favorable acute 
cardiovascular effects in congestive heart failure while main- 
taining coronary autoregulation. 


Effects of Captopril Versus Milrinone Therapy in 
Modulating the Adrenergic Nervous System Response 
to Exercise in Congestive Heart Failure 

Ramón Corbalán, Jorge Jalil, Gastón Chamorro, 

Pablo Casanegra, and Paz Valenzuela 


We investigated the effects of a converting-enzyme inhibitor 
(captopril) and a phosphodiesterase inhibitor (milrinone) in 
chronic congestive heart failure in a 9-week study. Both drugs 
significantly improved the clinical signs and symptoms as re- 
flected in a clinical score and also radionuclide ejection frac- 
tion. However, only captopril significantly lessened the in- 
crease in plasma levels of noradrenaline observed at a low level 
of exercise. Thus, in chronic congestive heart failure, convert- 
ing-enzyme inhibition could have additional salutary effects 
beyond vasodilatation. 


VALVULAR HEART | 


C50 ia EADE 
Percutaneous Balloo 
Retrograde Left Atri 
Christodoulos Stefanac 
Christos Pitsavos, Cost 


Using a retrograde ap 
ventricle, we developed 
tral valve balloon valv 
steerable cardiac cathet 
eterization. The new te 
and should prove to be 
tral stenosis and a p 
method. 
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699. .. hee 
Ventricular Arrhythn 
Fallot 

Jay S. Chandar, Grace 
Timothy J. Bell, Stanley 
Craig J. Byrum, Robert 
Macdonald Dick II, Celi: 
Gillette, Allan J. Hordof 
and Edward P. Walsh 


Spontaneous ventricul: 
ambulatory electrocard 
induced ventricular tacl 
tion were analyzed in 3: 
tetralogy of Fallot. De 
duration, symptoms of : 
tricular systolic hyper 
both spontaneous and |; 
mias. 


MISCELLANEOUS 


BBZ ENR Sed i 
Growth of the Huma 
Surface Area 

Howard P. Gutgesell an 


To determine the grow 
to body surface area, 1 
raphy and angiocardk 
to changes in body size 
hood. Published data w 
measurements for 7 th 
0.2 m? (normal newbor 
of this study indicate tl 
for body surface area, t 
have a nonlinear relatic 
priately indexed by su 
respectively. 
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HDL 
mg/dL 


What’s a common 
denominator 

of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims, and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol 2 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 


HDL 
under 
35 mg/dL 


64% 





HISTORICAL STUDY 


Samuel A. Levine and His World War I Encounters with 


the Brothers Regii, Allbutt and Osler 
Charles F. Wooley and John M. Stang 


BRIEF REPORTS 


674 

Significance of a Lateral Q Wave Following First 
Anterior Wall Acute Myocardial Infarction 

Gervasio A. Lamas, Douglas E. Vaughan, and Marc A. Pfeffer 


675 


Percutaneous Transluminal Coronary Angioplasty in 


Patients 80 Years of Age and Older 
J. Jeffrey Rich, Charles M. Crispino, J. Justin Saporito, 
Imad Domat, and William M. Cooper 


ion on Plasma Lipoprotein 
Apoli ins A-I, B and Lp(a) 
Jacques J. Genest, Judith R. McNamara, Jose M. Ordovas, 
Sarah Martin-Munley, Jennifer L. Jenner, John Millar, 
Deeb N. Salem, and Ernst J. Schaefer 


679 

intravenous Amiodarone Versus Verapamil for Acute 
Conversion of Paroxysmal Atrial Fibrillation to Sinus 
Rhythm 

Marko Noc, Dusan Stajer, and Matija Horvat 


680 

Effects of Nicardipine on Left Ventricular Dimensions 
and Hemodynamics in Systemic Hypertension 

Cigdem Gókce, Aysel Oram, Sirri Kes, Erdem Oram, and 
Sevket Uurlu 


CASE REPORT 


683 Bla ea S a Re otro RL SR 
Paradoxical Paroxysmal Nocturnal Congestive Heart 
Failure as a Severe Manifestation of the Pacemaker 
Syndrome 

Victor Parsonnet, Mark Myers, and Gershon Y. Perry 


INSTRUCTIONS TO AUTHORS on page 686 


CLASSIFIED ADVERTISING on pages A97, A98, A 
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Please see brief summary 
of prescribing information 
on next page. 


BALANCED CARDIODYNAMICS 
ARE WHAT MAKE CARDIZEM 


TABLETS 


diltiazem HOl/Marion 


CARDIZEM” (diltiazem HCI) is indicated in the treatment of angina 
pectoris due to coronary artery spasm and in the management of 
chronic stable angina (classic effort-associated angina) in patients who 
cannot tolerate therapy with beta-blockers and/or nitrates or who remain 
symptomatic despite adequate doses of these agents. 
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TOTAL 


<35. 


mg/dL 


What’s a common 
denominator 

of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,! and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol.? 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 


HOL 
under 
35 mg/dL 


64% 










MAKING THE DIFFERE 


BRIEF SUMMARY 


CARDIZEM“ 
(diltiazem HCI) Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker, 
(3) patients with hypotension (less than 90 mm Hg systolic), 
(4) patients who have demonstrated hypersensitivity fo the 
drug, and (5) patients with acute myocardial infarction and 
pulmonary congestion documented by x-ray on admission 


WARNINGS 

|. Cardiac Conduction. CARDIZEM prolongs AV node refrac- 
tory periods without significantly prolonging sinus node 
recovery time, except in patients with sick sinus syndrome 
This effect may rarely result in abnormally slow heart rates 
(particularly in patients with sick sinus syndrome) or sec- 
ond- or third-degree AV block (six of 1,243 patients for 
0.48%). Concomitant use of diltiazem with beta-blockers 
or digitalis may result in additive effects on cardiac con- 
duction. A patient with Prinzmetal's angina developed 
periods of asystole (2 to 5 seconds) after a single dose of 
60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a neg- 
ative inotropic effect in isolated animal tissue preparations, 
hemodynamic studies in humans with normal ventricular 
function have not shown a reduction in cardiac index nor 
consistent negative effects on contractility (dp/dt) Experi- 
ence with the use of CARDIZEM alone or in combination 
with beta-blockers in patients with impaired ventricular 
function is very limited. Caution should be exercised when 
using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in symp- 
tomatic hypotension. 

4. Acute Hepatic Injury. In rare instances, significant eleva- 
tions in enzymes such as alkaline phosphatase, LDH, 
SGOT, SGPT, and other phenomena consistent with acute 
hepatic injury have been noted. These reactions have been 
reversible upon discontinuation of drug therapy. The rela- 
tionship to CARDIZEM is uncertain in most cases, but 
probable in some. (See PRECAUTIONS. ) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is exten- 
sively metabolized by the liver and excreted by the kidneys and 
in bile. As with any drug given over prolonged periods, labora- 
tory parameters should be monitored at regular intervals. The 
drug should be used with caution in patients with impaired 
renal or hepatic function. In subacute and chronic dog and rat 
Studies designed to produce toxicity, high doses of diltiazem 
were associated with hepatic damage. In special subacute 
hepatic studies, oral doses of 125 mg/kg and higher in rats 
were associated with histological changes in the liver which 
were reversible when the drug was discontinued. In dogs, 
doses of 20 mg/kg were also associated with hepatic 
changes; however, these changes were reversible with contin- 
ued dosing. 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been infre- 
quently reported. Should a dermatologic reaction persist, the 
drug should be discontinued 
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Usual maintenance dosage: 
180 to 360 mg/day 


CARDIZEM u 


diltiazem HCI/Marion 





120 mg 


90 mg 


Drug Interaction. Due to the potential for additive effects, 
caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS. ) 

Pharmacologic studies indicate that there may be additive 
effects in prolonging AV conduction when using beta-blockers 
or digitalis concomitantly with CARDIZEM. (See WARNINGS.) 

As with all drugs, care should be exercised when treating 
patients with multiple medications. CARDIZEM undergoes bio- 
transformation by cytochrome P-450 mixed function oxidase 
Coadministration of CARDIZEM with other agents which follow 
the same route of biotransformation may result in the competi- 
tive inhibition of metabolism. Dosages of similarly metabo- 
lized drugs, particularly those of low therapeutic ratio or in 
patients with renal and/or hepatic impairment, may require 
adjustment when starting or stopping concomitantly adminis- 
tered CARDIZEM to maintain optimum therapeutic blood 
levels. 

Beta-blockers: Controlled and uncontrolled domestic stud- 
ies suggest that concomitant use of CARDIZEM and beta- 
blockers or digitalis is usually well tolerated. Available data are 
not sufficient, however, to predict the effects of concomitant 
treatment, particularly in patients with left ventricular dysfunc- 
tion or cardiac conduction abnormalities 

Administration of CARDIZEM (diltiazem hydrochloride) 
concomitantly with propranolol in five normal volunteers re- 
sulted in increased propranolol levels in all subjects and bio- 
availability of propranolol was increased approximately 50% 
If combination therapy is initiated or withdrawn in conjunction 
with propranolol, an adjustment in the propranolol dose may 
be warranted. (See WARNINGS.) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) 
and area-under-the-curve (53%) after a 1-week course of 
cimetidine at 1,200 mg per day and diltiazem 60 mg per day. 
Ranitidine produced smaller, nonsignificont increases. The 
effect may be mediated by cimetidine's known inhibition of 
hepatic cytochrome P-450, the enzyme system probably re- 
sponsible for the first-pass metabolism of diltiazem. Patients 
currently receiving diltiazem therapy should be carefully mon- 
itored for a change in pharmacological effect when initiating 
and discontinuing therapy with cimetidine. An adjustment in 
the diltiazem dose may be warranted 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentra- 
tions approximately 20%. Another investigator found no in- 
crease in digoxin levels in 12 patients with coronary artery 
disease. Since there have been conflicting results regarding 
the effect of digoxin levels, it is recommended that digoxin 
levels be monitored when initiating, adjusting, and discontin- 
uing CARDIZEM therapy to avoid possible over- or under- 
digitalization. (See WARNINGS.) 

Anesthetics: The depression of cardiac contractility, con- 
ductivity, and automaticity as well as the vascular dilation 
associated with anesthetics may be potentiated by calcium 
channel blockers. When used concomitantly, anesthetics and 
calcium blockers should be titrated carefully 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21 -month study in mice showed 
no evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats. 

Pregnancy. Category C. Reproduction studies have been 
conducted in mice, rats, and rabbits. Administration of doses 
ranging from five to ten times greater (on a mg/kg basis) than 
the daily recommended therapeutic dose has resulted in 





NCE IN ANGINA 


embryo and fetal lethality. These doses, in some studies, have 
been reported to cause skeletal abnormalities. In the perinatal/ 
postnatal studies, there was some reduction in early individual 
pup weights and survival rates. There was an increased inci- 
dence of stillbirths at doses of 20 times the human dose or 
greater. 

There are no well-controlled studies in pregnant women; 
therefore, use CARDIZEM in pregnant women only if the poten- 
tial benefit justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. 
One report suggests that concentrations in breast milk may 
approximate serum levels. If use of CARDIZEM is deemed 
essential, an alternative method of infant feeding should be 
instituted. 

Pediatric Use. Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried 
out to date, but it should be recognized that patients with 
impaired ventricular function and cardiac conduction abnor- 
malities have usually been excluded 

In domestic placebo-controlled trials, the incidence of ad- 
verse reactions reported during CARDIZEM therapy was not 
greater than that reported during placebo fherapy 

The following represent occurrences observed in clinical 
studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, the 
relationship to CARDIZEM has not been established. The most 
common occurrences as well as their frequency of presenta- 

tion are: edema (2.496), headache (2. 1%), nausea (1.9%), 

dizziness (1.596), rash (1.3%), asthenia (1.2%). In addi- 

tion, the following events were reported infrequently (less than 

1%): 

Cardiovascular: Angina, arrhythmia, AV block (first de- 
gree), AV block (second or third degree — 
see conduction warning), bradycardia, 
congestive heart failure, flushing, hypo- 
tension, palpitations, syncope 

Nervous System: Amnesia, depression, gait abnormality, 
hallucinations, insomnia, nervousness, 
paresthesia, personality change, somno- 
lence, tinnitus, tremor 

Gastrointestinal: Anorexia, constipation, diarrhea, dysgeu- 
sia, dyspepsia, mild elevations of alkaline 
phosphatase, SGOT, SGPT, and LDH (see 
hepatic warnings), vomiting, weight in- 


crease. 
Dermatologic: ^ Petechioe, pruritus, photosensitivity, urti- 
caria. 
Other: Amblyopia, CPK elevation, dyspnea, epi- 


staxis, eye irritation, hyperglycemia, nasal 
congestion, nocturia, osteoarticular pain, 
polyuria, sexual difficulties. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, gingi- 
val hyperplasia, erythema multiforme, and leukopenia. How- 
ever, a definitive cause and effect between these events and 
CARDIZEM therapy is yet to be established 
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ECG Recording 
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Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
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cholesterol.? 
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Effect of Diltiazem on Cardiac Rate and Rhythm After 
Acute Myocardial Infarction 

J. Thomas Bigger, Jr., James Coromilas, Linda M. Rolnitzky, 
Joseph L. Fleiss, Robert E. Kleiger and the Multicenter Diltiazem 
Postinfarction Trial Investigators 


We tested the a priori hypothesis that diltiazem would reduce the fre- 
quency and repetitiveness of ventricular arrhythmias after myocardial 
infarction in patients participating in the Multicenter Diltiazem Postin- 
farction Trial. After 3 months of follow-up, 1,546 of the 2,466 patients 
enrolled in the Multicenter Diltiazem Postinfarction Trial had a 24-hour 
continuous electrocardiographic recording that contained 212 hours of 
analyzable data. There were no differences between the diltiazem and 
placebo groups in the frequency or repetitiveness of ventricular arrhyth- 
mias, in the prevalence of atrioventricular block or in the frequency of 
atrial arrhythmias. Diltiazem had no antiarrhythmic or proarrhythmic 
effect on ventricular arrhythmias. Heart rate was slightly lower and sinus 
pauses Z2 seconds were more common in the diltiazem group (6%) than 
in the placebo group (3%). There was no reduction in sudden or arrhyth- 
mic death attributable to diltiazem treatment. Diltiazem’s lack of effect 
on ventricular arrhythmias may be partially responsible for its lack of 
effect on mortality after myocardial infarction. 


547 

Influence of Heart Rate on Mortality After Acute 

Myocardial Infarction 

Ake Hjalmarson, Elizabeth A. Gilpin, John Kjekshus, Gregory Schieman, 
Pascal Nicod, Hartmut Henning, and John Ross, Jr. 


Whether the increased risk associated with elevated heart rate (HR ) after 
acute myocardial infarction is primarily a manifestation of cardiac failure 
or is associated independently with outcome has not been investigated. 
The present study examined the relation of HR to mortality up to 1 year 
using admission HR, its maximum value in the coronary care unit and the 
level at hospital discharge. In patients with severe heart failure, mortality 
from day 2 to 1 year was high (260940) regardless of HR, whereas in 
patients with absent to mild heart failure mortality tended to increase 
progressively with increasing HR, and at 1 year it was 2.5 times as high in 
patients with admission HR 290 beats/min as in those with admission 
HR «90 beats/min (25 vs 10%). HR was independently predictive of 1- 
year mortality in multivariate analysis. 


Continued on page A17 
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Studies indicate that a similar circadian pattern also 
exists for: 
— Myocardial infarction? 


— Sudden cardiac death? 
— Ischemic stroke‘ 

— Heart rate? 

— Blood pressure” 

— Plasma catecholamines® 
—Platelet aggregation.® 
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1GARD* TABLETS 
lolol Tablets USP 
$CRIPTION: CORGARD (nadolol) is a synthetic nonselective beta-adrenergic receptor block- 
agent. 


NTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater than first degree con- 
tion block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 


RNINGS: Cardiac Failure—Sympathetic stimulation may be a vital component supporting 
ulatory function in congestive heart failure, and its inhibition by beta-blockade may precipitate 
'e severe failure. Although beta-blockers should be avoided in overt congestive heart failure, if 
essary, they can be used with caution in patients with a history of failure who are well- 
apensated, usually with digitalis and diuretics. Beta-adrenergic blocking agents do not abolish 
inotropic action of digitalis on heart muscle. IN PATIENTS WITHOUT A HISTORY OF HEART 
_URE, continued use of beta-blockers can, in some cases, lead to cardiac failure; therefore, at 

sign or symptom of heart failure, digitalize and/or give diuretics, and closely observe re- 
inse, or discontinue nadolol (gradually if possible). 















Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal—Hypersen- 
itivity to catecholamines has been observed in patients withdrawn from beta-blocker ther- 
ipy; exacerbation of angina and, in some cases, myocardial infarction have occurred after 
ibrupt discontinuation of such therapy. When discontinuing chronic use of nadolol, particu- 
arly in patients with ischemic heart disease, gradually reduce dosage over a 1- to 2-week 
yeriod and carefully monitor the patient. Reinstitute nadolol promptly (at least temporarily) 
ind take other measures appropriate for management of unstable angina if angina markedly 
vorsens or acute coronary insufficiency develops. Warn patients not to interrupt or discon- 
inue therapy without physician's advice. Because coronary artery disease is common and 
nay be unrecognized, it may be prudent not to discontinue nadolol therapy abruptly even in 
»atients treated only for hypertension. 


Vonallergic Bronchospasm (e.g., chronic bronchitis, emphysema)—PATIENTS WITH 
ONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA-BLOCKERS. Ad- 
vister nadolol with caution since it may block bronchodilation produced by endogenous or 
ygenous Catecholamine stimulation of beta, receptors. 


Major Surgery—Because beta blockade impairs the ability of the heart to respond to reflex 
nuli and may increase risks of general anesthesia and surgical procedures, resulting in protracted 
»yotension or low cardiac output, it has generally been suggested that such therapy should be 
hdrawn several days prior to surgery. Recognition of the increased sensitivity to catecholamines 
»atients recently withdrawn from beta-blocker therapy, however, has made this recommenda- 
1 controversial. If possible, withdraw beta-blockers well before surgery takes place. In emer- 
ncy surgery, inform the anesthesiologist that the patient is on beta-blocker therapy. Use of 
ta-receptor agonists such as isoproterenol, dopamine, dobutamine, or levarterenol can reverse 
: effects of nadolol. Difficulty in restarting and maintaining the heart beat has also been reported 
h beta-adrenergic receptor blocking agents. 
Diabetes and ja—Beta-adrenergic blockade may prevent the appearance of pre- 
»nitory signs and symptoms (e.g., tachycardia and blood pressure changes) of acute hypogly- 
mia. This is especially important with labile diabetics. Beta-blockade also reduces release of 
ulin in response to hyperglycemia; therefore, it may be necessary to adjust dose of antidiabetic 
Jgs. 

Beta-adrenergic blockade may mask certain clinical signs (e.g., tachycardia) 
hyperthyroidism. To avoid abrupt withdrawal of beta-adrenergic blockade which might precipi- 
e a thyroid storm, carefully manage patients suspected of developing thyrotoxicosis. 


IECAUTIONS: Impaired Renal Function—Use nadolol with caution (see DOSAGE AND AD- 
NISTRATION section of package insert). 

Information for Patients—Warn patients, especially those with evidence of coronary artery 
sufficiency, against interruption or discontinuation of nadolol without physician's advice. Although 
rdiac failure rarely occurs in properly selected patients, advise patients being treated with beta- 
Irenergic blocking agents to consult physician at first sign of impending failure. Advise patients 
event of missed doses. 

Drug Interactions— Concurrent administration may result in interactions with: Anesthetics, 
'neral—exaggeration of the hypotension induced by general anesthetics (see WARNINGS, Ma- 
' Surgery). Antidiabetic drugs (oral agents and insulin) —hypoglycemia or hyperglycemia; adjust 
itidiabetic drug dosage accordingly (see WARNINGS, Diabetes and Hypoglycemia). Cate- 
iolamine-depleting drugs (e.g. reserpine) —additive effect; monitor closely for hypotension and/or 
cessive bradycardia. 

I Mutagenesis, impairment of Fertility—!n 1 to 2 year oral toxicologic stud- 
sin mice, rats, and dogs, nadolol did not produce significant toxic effects. In 2-year oral carcino- 
inic studies in rats and mice, nadolol did not produce neoplastic, preneoplastic, or nonneoplastic 
ithologic lesions. 

| Category C—In animal reproduction studies with nadolol, evidence of embryo- and 
lotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 10 times greater (on a 
g/kg basis) than maximum indicated human dose; no teratogenic potential was seen in any of 
ese species. There are no well-controlled studies in pregnant women; therefore, use nadolol in 








120 mg 160 mg 


pregnant women only if potential benefit justifies potential risktothe fetus. Neonates of mothers who 
received nadolol at parturition have exhibited bradycardia, hypoglycemia and associated symptoms. 


Nursing Mothers—Nadolol is excreted in human milk. Exercise caution when nadolol is 
administered to a nursing woman. 
Pediatric Use—Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Most adverse effects have been mild and transient and have rarely 
required nadolol withdrawal. 

Cardiovascular —Bradycardia with heart rates of less than 60 beats per minute occurs com- 
monly, and heart rates below 40 beats per minute and/or symptomatic bradycardia were seen in 
about 2 of 100 patients. Symptoms of peripheral vascular insufficiency, usually of the Raynaud 
type, have occurred in approximately 2 of 100 patients. Cardiac failure, hypotension, and rhythm/ 
conduction disturbances have each occurred in about 1 of 100 patients. Single instances of first 
degree and third degree heart block have been reported; intensification of AV block is a known 
effect of beta-blockers (see also CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS). Cen- 
tral Nervous —Dizziness or fatigue reported in approximately 2 of 100 patients; paresthe- 
sias, sedation, and change in behavior reported in approximately 6 of 1000 patients. 
Respiratory —Bronchospasm reported in approximately 1 of 1000 patients (see CONTRAINDI- 
CATIONS and WARNINGS). Gastrointestinal—Nausea, diarrhea, abdominal discomfort, consti- 
pation, vomiting, indigestion, anorexia, bloating, and flatulence each reported in 1 to 5 of 1000 
patients. Miscellaneous— Each of the following reported in 1 to 5 of 1000 patients: rash; pruritus; 
headache; dry mouth, eyes, or skin; impotence or decreased libido; facial swelling; weight gain; 
slurred speech; cough; nasal stuffiness; sweating; tinnitus; blurred vision; infrequent reversible 
alopecia. 

The following adverse reactions have been reported in patients taking nadolol and/or other 
beta-adrenergic blocking agents, but no causal relationship to nadolol has been established. 
Central Nervous System-—reversible mental depression progressing to catatonia; visual dis- 
turbances; hallucinations; an acute reversible syndrome characterized by disorientation for time 
and place; short-term memory loss, emotional lability with slightly clouded sensorium; decreased 
performance on neuropsychometrics. mesenteric arterial thrombosis; ischemic 
colitis; elevated liver enzymes. Hematologic—agranulocytosis; thrombocytopenic or nonthrom- 
bocytopenic purpura. Allergic—fever combined with aching and sore throat; laryngospasm, 
respiratory distress. Miscellaneous— pemphigoid rash; hypertensive reaction in patients with 
pheochromocytoma; sleep disturbances; Peyronie's disease. The oculomucocutaneous syndrome 
associated with practolol has not been reported with nadolol. 


OVERDOSAGE: Nadolol can be removed from the general circulation by hemodialysis. In addi- 
tion to gastric lavage, employ the following measures as appropriate. In determining duration of 
corrective therapy, take note of long duration of effect of nadolol. 


Excessive Bradycardia—Administer atropine (0.25 to 1.0 mg). If there is no response to vagal 
blockade, administer isoproterenol cautiously. 


Cardiac Failure--Administer a digitalis glycoside and diuretic. It has been reported that glucagon 
may also be useful in this situation. 
—Administer vasopressors, e.g., epinephrine or levarterenol. (There is evidence 
that epinephrine may be the drug of choice.) 


Bronchospasm —Administer a beta,-stimulating agent and/or a theophylline derivative. 


DOSAGE —For all patients, DOSAGE MUST BE INDIVIDUALIZED. 

For angina pectoris, usual initial dose is 40 mg qd; may be gradually increased in 40 to 80 mg 
increments at 3 to 7 day intervals until optimum clinical response or pronounced slowing of the 
heart rate; usual maintenance dose is 40 or 80 mg ad (doses up to 160 or 240 mg daily may be 
needed). If treatment is to be discontinued, reduce dosage gradually over a period of 1 to 2 weeks 
(see WARNINGS). 

For hypertension, usual initial dose is 40 mg qd; gradually increase in 40 to 80 mg increments 
until optimum blood pressure reduction is achieved; usual maintenance dose is 40 or 80 mg ad 
(doses up to 240 or 320 mg daily may be needed). 

Patients with renal failure require adjustment in dosing interval; see package insert for dosage 
in these patients. 


For full prescribing information consult package insert. 
HOW SUPPLIED: In scored tablets containing 20, 40, 80, 120, or 160 mg nadolol per tablet in 
bottles of 100. The 40 mg, 80 mg, and 120 mg tablets are available in bottles of 1000 tablets. The 


20 mg, 40 mg, and 80 mg tablets are also available in Unimatic* unit-dose packs of 100 tablets. 
(J4-156) 


BRISTOL [LABORATORIES] 


leferences: 1. Rocco MB, Barry J, Campbell S, et al: Circadian variation of transient myocardial ischemia in patients with coronary artery disease. 

'irculation 75:395-400; 1987. 2. Muller JE, Stone PH, Turi ZG, et al: Circadian variation in the frequency of onset of acute myocardial infarction. N Engl J Med 
13:1315-1322;1985. 3. Willich SN, Levy D, Rocco MB, Tofler GH, Stone PH, Muller JE: Circadian variation in the incidence of sudden cardiac death in the 
ramingham Heart Study population. Am J Cardio! 60:801-806; 1987. 4. Marler JR, Price TR, Clark GL, et al: Morning increase in onset of ischemic stroke. Stroke 


0:473-476;1989. 5. Millar-Craig MW, Bishop CN, Raftery EB: Circadian variation of blood-pressure. Lancet 1:795-797;1978. 6. Tofler GH, Brezinski D, Schafer Al, 


t al: Concurrent morning increase in platelet aggregability and the risk of myocardial infarction and sudden cardiac death. N Engl J Med 316:1514-1518; 1987. 
Kostis JB, Lacy CR, Krieger SD, et al: Atenolol, nadolol, and pindolol in angina pectoris on effort: effect of pharmacokinetics. Am Heart J 108:1131-1136; 1984. 

. Vukovich RA, Foley JE, Brown B, et al: Effect of B-blockers on exercise double product (systolic blood pressure x heart rate). Br J Clin Pharmacol 7(suppl 2): 

67S-172S; 1979. 9. Physicians’ Desk Reference®, ed 43, Medical Economics Company, Inc., Oradell, NJ, 1989, pp. 969, 1037, 1635, 2306, 2308. 10. Kostis JB: 

‘omparison of the duration of action of atenolol and nadolol for treatment of angina pectoris. Am J Cardiol 62:1171-1175; 1988. 

B-K43 


ALAAN Deictal Mvorsc Canihh Ca 


Issued: February .1990 





^ ™ 





1 d P EAM. FS ee v. T4 ee V 
A 


NTENTS/ABSTRACTS 


554 

Influence of Anterograde Flow in the Infarct Artery on the 
Incidence of Late Potentials After Acute Myocardial Infarction 
Richard A. Lange, Ricardo G. Cigarroa, Peter J. Wells, Mark S. Kremers, 
and L. David Hillis 


In subjects with myocardial infarction, survival is influenced by antero- 
grade flow in the infarct artery, and late potentials on signal-averaged 
electrocardiography identify those at risk for tachyarrhythmias and sud- 
den death. We performed signal-averaged electrocardiography in 109 
subjects after infarction, 49 with (group I) and 60 without (group II) 
anterograde flow in the infarct artery. Only 4 (8%) of group I had late 
potentials, whereas 24 (40%) of group II had them (p <0.001). Thus, 
anterograde flow in the infarct artery after myocardial infarction is associ- 
ated with a low incidence of late potentials on signal-averaged electrocar- 
diography, whereas the absence of anterograde flow is more often associ- 
ated with late potentials. 
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Age-Related Prognosis After Myocardial Infarction 
(The Multicenter Diltiazem Postinfarction Trial) 

Frank |. Marcus, Karen Friday, John McCans, Thomas Moon, 
Elizabeth Hahn, Leonard Cobb, Jesse Edwards, and Lewis Kuller 


The basis for the excess mortality with age after acute myocardial infarc- 
tion (AMI) is not clear, nor is it known whether the mode of death is 
altered with age. We examined age-related factors predictive of mortality 
and age-related mechanisms of the 333 deaths in 2,466 patients enrolled in 
a placebo-controlled trial to determine the effect of diltiazem on mortality 
and reinfarction after AMI. There was a significant age-related increase 
in the proportion of patients with baseline risk factors. These baseline 
characteristics did not differ by treatment (placebo vs diltiazem). How- 
ever, multivariate survivorship analysis still identified age as an indepen- 
dent risk factor for cardiac death. The mechanism of death did not differ 
by treatment or age. 


ZEE E a hi e ee Er DE. 
Early Estimation of Risk by Echocardiographic Determination 
of Wall Motion Index in an Unselected Population with Acute 
Myocardial Infarction 

Jens Berning and Frank Steensgaard-Hansen 


In an unselected, consecutive series of 201 patients with acute myocardial 
infarction (AMI) after admittance and before discharge, echocardio- 
graphic examinations showed no change of left ventricular wall motion 
index (WMI) in 179 survivors (WMI 1.3 + 0.4 vs 1.4 + 0.4, p 20.05). 
When early WMI indicated severely depressed myocardial function, 1- 
year mortality was 51 versus 8%, when left ventricular performance was 
normal or only mildly depressed. After in-hospital ventricular fibrillation 
or cardiogenic shock, 1-year mortality correlated closely with early levels 
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of left ventricular performance (p <0.0001). In 15% of patients major 
discrepancies between early Killip class and WMI were noted. Routine, 
early risk stratification by echocardiography facilitates a rational, individ- 
ualized discharge policy in the coronary care unit and provides an im-. 
proved basis for randomization of patients with AMI in controlled studies. 
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Double-Blind Comparison of Once Daily Betaxolol Versus 
Propranolol Four Times Daily in Stable Angina Pectoris 
Kenneth A. Narahara for the Betaxolol Investigators Group 


Betaxolol is a new once-a-day cardioselective 8 blocker. We tested the 
antianginal efficacy of 20 and 40 mg of betaxolol given once daily with 40 
and 80 mg of propranolol given 4 times daily. Similar or greater reductions 
in angina frequency, nitroglycerin use, heart rate, blood pressure and 
double product were noted when betaxolol was compared with proprano- 
lol. Exercise duration increased in all 4 treatment groups. Initially, all 
patients had 1 mm of ST-segment depression during maximal exercise. 
Betaxolol 40 mg once daily resulted in a greater suppression of exercise- 
induced ST depression and a lower exercise heart rate than the other 3 
treatment limbs. Betaxolol is effective in the treatment of angina pectoris. 
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Dese RERUM Sos CDL CRGA ROREM En med eee Sul lees EC PEE 
Silent Myocardial Ischemia as a Potential Link Between Lack 


of Premonitoring Symptoms and Increased Risk of Cardiac 
Arrest During Physical Stress 

Eike Hoberg, Gerhard Schuler, Bernd Kunze, Anne-Liese Obermoser, 
Klaus Hauer, Hans-Peter Mautner, Günter Schlierf, and Wolfgang Kübler 


Twenty of 21 participants in a coronary artery disease (CAD) intervention 
trial developed 25 + 13 minutes of silent myocardial ischemia per hour of 
exercise training. During normal activity, however, only 0.6 + 1.3 minutes 
of silent myocardial ischemia/hr/patient were detected by Holter moni- 
toring (p <0.001 ). Similarly, during a control period of 24 hours without 
exercise training, the mean duration of silent myocardial ischemia was 0.8 
+ 2.1 min/hr/patient. During the training session frequent or repetitive 
ventricular arrhythmias were related to 10 episodes of silent myocardial 
ischemia in 5 patients, whereas during normal activity a correlation be- 
tween ventricular arrhythmias and myocardial ischemia was found in only 
| patient (p <0.05). Results in 17 control patients with documented CAD 
were comparable to those in the patients of the intervention group during 
ordinary activity. Thus, silent myocardial ischemia is a common finding 
during training sessions of participants in cardiac rehabilitation programs. 
Due to the potential provocation of ventricular arrhythmias, silent myo- 
cardial ischemia may represent the cause for the increased risk of cardiac 
arrest during exercise programs for CAD patients. 


Continued on page A22 
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MEVACOR is indicated as an adjunct to diet for the reduction of 
elevated total and LDL cholesterol levels in patients with primary 
hypercholesterolemia (Types Ila and Ilb) when response to 
nonpharmacologic measures has been inadequate. 

MEVACOR is contraindicated in patients who are hypersensitive to any component of the 
medication; in patients with active liver disease or unexplained persistent transaminase 


elevations; in pregnant or lactating patients; and in women of childbearing age, except 
when such patients are highly unlikely to conceive. 


It is recommended that liver function tests be performed before treatment begins, every 
4 to 6 weeks during the first 15 months of therapy, and periodically thereafter in all patients. 


The effect of lovastatin-induced changes in serum lipoprotein levels, including reduction of 
serum cholesterol, on cardiovascular morbidity or mortality has not been established. 


For more details on warnings, precautions, and adverse reactions, including cautionary 
information regarding liver dysfunction, myopathy, and slit-lamp monitoring, please see 
_ Prescribing Information. 


^ Fora Brief Summary of Prescribing Information, please see the following page. 


Copyright © 1988 by Merck & Co., INC. 


Patient L.J.K. 


—Female, age 56 


—Elevated total cholesterol 
of 268 mg/dL after 
adequate trial 
of a weight-loss and 
cholesterol-lowering diet 


— Obese -more than 30% 
above ideal weight 


—Has cut down to one 
pack of cigarettes a day 


— After first 6 weeks on 
MEVACOR,, total 
cholesterol is down to 
220 mg/dL (dosage: 
20 mg once daily with 
the evening meal) 


— Dosage increased to 
20 mg b.i.d.; after 6 
additional weeks, total 
cholesterol is down to 
196 mg/dL 


Results with MEVACOR 
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Not everyone will respond as did the patient 
in this hypothetical case history: however, the 
mean reduction in total cholesterol in clinical 
trials was 17% at 20 mg once a day and 27% 
at 20 mg b.i.d. 


TABLETS, 20mg and 40mg DOHME 








MEVACOR 


(LOVASTATIN | MSD) 


Now available as a 


40-mg tablet 





CONTRAINDICATIONS: Hypersensitivity to any component of this 
nedication. 

Active liver disease or unexplained persistent elevations of serum 
'ransaminases. 

Pregnancy and lactation. 

Atherosclerosis is a chronic process and the discontinuation of lipid- 
owering drugs during onm should have little impact on the outcome 
of long-term therapy of primary areis cene oum Moreover, choles- 
terol and other products of the cholesterol biosynthesis pathway are es- 
sential components for fetal development, including synthesis of steroids 
and cell membranes. Because of the ability of inhibitors of HMG-CoA re- 
juctase such as MEVACOR® (Lovastatin, MSD) to decrease the synthesis 
of cholesterol and possibly other products of the cholesterol biosynthesis 
yathway, MEVACOR may cause fetal harm when administered to a preg- 
vant woman. Therefore, lovastatin is contraindicated during pregnancy. 
Lovastatin should be administered to women of childbearing age only 
when such patients are highly unlikely to conceive. If the patient becomes 
pregnant while taking this drug, lovastatin should be discontinued and the 
patient should be apprised of the potential hazard to the fetus. 


WARNINGS: Liver Dysfunction: Marked persistent increases (to more 
than 3 times the upper limit of normal) in serum transaminases 
occurred in 1.9% of adult patients who received lovastatin for at least 
one year in clinical trials (see ADVERSE REACTIONS). When the drug 
was interrupted or discontinued in these patients, the transaminase levels 
usually fell slowly to pretreatment levels. The increases usually appeared 
3 to 12 months after the start of therapy with lovastatin and were not 
associated with jaundice or other clinical signs or symptoms. There was 
no evidence of hypersensitivity. A liver biopsy was done in one of these 
patents and showed areas of focal hepatitis. In this patient, transaminase 
evels returned to normal following discontinuation of therapy. Some of 
these patients had abnormal liver function tests prior to lovastatin therapy 
and/or consumed substantial quantities of alcohol. 

It is recommended that liver function tests be performed before treat- 
ment begins, every 4 to 6 weeks during the first 15 months of therapy 
with lovastatin, and periodically thereafter in all patients. Special atten- 
tion should be paid to patients who develop elevated serum transaminase 
levels, and in these patients, measurements should be repeated promptly 
and then performed more frequently. If the transaminase levels show evi- 
dence of progression, particularly if they rise to 3 times the iem limit of 
normal and are persistent, the drug should be discontinued. Liver biopsy 
should be considered if elevations are persistent beyond the discontinua- 
tion of the drug. 

The drug should be used with caution in patients who consume sub- 
stantial quantities of alcohol and/or have a past history of liver disease. 
Active liver disease or unexplained transaminase elevations are contrain- 
dications to the use of lovastatin. 

As with other lipid-lowering agents, moderate (less than 3 times the 
upper limit of normal) elevations of serum transaminases have been 
reported following therapy with MEVACOR (see ADVERSE SEATON). 
These changes appeared soon after initiation of therapy with MEVACOR, 
were often transient, were not =e by any symptoms, and inter- 
ruption of treatment was not required. 


Skeletal Muscle: Several cases of rhabdomyolysis have been asso- 
ciated with lovastatin therapy alone, when combined with immunosup- 
pressive po including cyclosporine in cardiac transplant patients, 
and when combined in non-transplant patients with either gemfibrozil 
or lipid-lowering doses (> 1 g/day) of nicotinic acid. Acute renal failure 
from Cheng ne! dg has been seen more commonly with the 
lovastatin-gemfibrozil combination and has also been reported in 
transplant patients receiving lovastatin plus cyclosporine. 

Rhabdomyolysis with or without renal impairment has been reported 
in seriously ill patients receiving erythromycin concomitantly with 
lovastatin. Therefore, patients receiving concomitant lovastatin and 
erythromycin should be carefully monitored. 

Fulminant rhabdomyolysis has been seen as early as 3 weeks after 
initiation of combined therapy with gemfibrozil and lovastatin but may 
be seen after several months. For these reasons, it is felt that in most 
subjects who have had an unsatisfactory lipid response to either dru 
alone, the possible benefits of combined therapy with lovastatin a 
gemfibrozil do not outweigh the risks of severe myopathy, rhabdo- 
myolysis, and acute renal failure. While it is not known whether this 
interaction occurs with fibrates other than gemfibrozil, mrpeny and 
rhabdomyolysis have occasionally been associated with the use of 
other fibrates alone, including clofibrate. Therefore, the combined use 
of lovastatin with other fibrates should arose be avoided. 

sicians — à combined therapy with lovastatin and 
lipid-lowering doses of nicotinic acid or with immunosuppressive drugs 
ould carefully weigh the potential benefits and risks and should care- 
fully monitor patients for any signs and symptoms of muscle pain, 
tendemess, or weakness, particularly during the initial months of ther- 
apy and during any periods of upward dosage titration of either drug. 
Periodic CPK determinations may be considered in such situations, but 
there is no assurance that such monitoring will p the occurrence 
of severe myopathy. The monitoring of lovastatin drug and metabolite 
levels may be considered in transplant patients who are treated with 
immunosuppressives and lovastatin. 

Lovastatin therapy should be temporarily withheld or discontinued in 
any patient with an acute, serious condition suggestive of a eim pd or 
having a risk factor predisposing to the development of renal failure 
secondary to rhabdomyolysis, including severe acute infection, hypo- 
tension, major surgery, trauma, severe metabolic, endocrine, and 
electrolyte disorders, and uncontrolled seizures. 

Myalgia has been associated with lovastatin therapy. Transient, mildly 
elevated creatine phosphokinase levels are commonly seen in lovastatin- 
treated patients. However, in clinical trials, approximately 0.5% of 
patients developed a myopathy, i.e., myalgia or muscle weakness 
associated with markedly elevated CPK levels. Myopathy should be con- 
sidered in any patient with diffuse myalgias, muscle tenderness or weak- 
ness, and/or marked elevation of CPK. Patients should be advised to 
report promptly unexplained muscle pain, tenderness, or weakness, par- 
ticularly if accompanied by malaise or fever. Lovastatin therapy should be 
discontinued if markedly elevated CPK levels occur or myopathy is diag- 
nosed or suspected. 

Most of the patients who have developed myopathy (including rhabdo- 
myolysis) while taking lovastatin were receiving concomitant therapy with 
immunosuppressive drugs, gemfibrozil, or lipid-lowering doses of nico- 
tinic acid. In clinical trials, about 30% of patients on concomitant 
immunosuppressive therapy including cyclosporine developed myop- 
athy; the corresponding percentages for gemfibrozil and niacin were 
approximately 5% and 2%, respectively. 

In 6 patients with cardiac transplants taking immunosuppressive ther- 
apy including cyclosporine concomitantly with lovastatin 20 mg/day, the 
average plasma level of active metabolites derived from lovastatin was 
elevated to approximately 4 times the expected levels. Because of an 
apparent relationship between increased plasma levels of active metabo- 
lites derived from lovastatin and myopathy, the daily dosage in patients 
taking immunosuppressants should not exceed 20 mg/day ~~ DOSAGE 
AND ADMINISTRATION). Even at this dosage, the benefits and risks of 
using lovastatin in patients taking immunosuppressants should be care- 
fully considered. 


PRECAUTIONS: General: Before instituting therapy with MEVACOR® 
(Lovastatin, MSD), an attempt should be made to control hypercholester- 
olemia with appropriate diet, exercise, bea. n reduction in obese patients, 
p Gc) cat other underlying medical problems (see INDICATIONS AND 
Lovastatin may elevate creatine age aere and transaminase lev- 
els (see ADVERSE REACTIONS). This should be considered in the differ- 
ential diagnosis of chest pain in a patient on therapy with lovastatin. 


Eye: There was a high prevalence of baseline lenticular opacities in the 
patient population included in the clinical trials with lovastatin. During 
these trials the appearance of new opacities was noted. The causal rela- 
tionship of lovastatin to these findings has not been established. 

Of 431 patients examined with slit — at baseline and during therap 
with lovastatin, 34 had opacities reported at the final examination (5 to 14 
months after starting lovastatin) that were not noted at baseline. On the 
other hand, in 45 patients, opacities observed at baseline were not noted 
at the final examination, so that the prevalence did not increase. There was 
no Clinically significant change in visual acuity in the patients who had new 
Opacities reported, nor was any patient, including those with opacities 
noted at baseline, discontinued from therapy because of a decrease in 
visual acuity. Nevertheless, until further experience is obtained, it is rec- 
ommended that patients placed on lovastatin therapy be examined with a 
E amo before or shortly after initiation of treatment and annually 
thereafter. 


Homozygous Familial Hypercholesterolemia: MEVACOR is less 
effective Jd rep un with the rare homozygous familial hypercholesterol- 
emia, poen ly because these patients have no functional LDL receptors. 
MEVACOR appears to be more likely to raise serum transaminases (see 
ADVERSE REACTIONS) in these homozygous patients. 


Drug Interactions: Immunosuppressive Drugs, Gemfibrozil, Niacin 
(Nicotinic Acid), Erythromycin: See WARNINGS, Skeletal Muscle. 

Coumarin Anticoagulants: |n a clinical trial in warfarin-treated patients 
designed specifically to observe a potential effect of lovastatin on the pro- 
thrombin time, lovastatin in dosages up to 40 mg b.i.d. did not re ida 
any consistent alteration of the anticoagulant action of warfarin. However, 
since the drug was marketed, e evident bleeding and/or increased 
prothrombin time have been reported in a few patients taking coumarin 
anticoagulants concomitantly with lovastatin. The causal relationship to 
lovastatin is unclear. Nevertheless, it is recommended that in patients tak- 
ing anticoagulants, prothrombin time be determined before starting lov- 
astatin and frequently enough during early therapy to insure that no 
significant alteration of prothrombin time occurs. Once a stable prothrom- 
bin time has been documented, prothrombin times can be monitored at 
the intervals usually recommended for patients on coumarin anticoagu- 
lants. If the dose of lovastatin is changed, the same procedure should be 
repeated. Lovastatin therapy has not been associated with bleeding or 
with changes in prothrombin time in patients not taking anticoagulants. 

Antipyrine: Antipyrine is a model for drugs metabolized by the micro- 
somal hepatic enzyme system (cytochrome P450 system). Because lov- 
astatin had no effect on the pharmacokinetics of antipyrine, interactions 
with other drugs metabolized via this mechanism are not expected. 

Propranolol: In normal volunteers, there was no Clinically significant 
pharmacokinetic or pharmacodynamic interaction with concomitant 
administration of single doses of lovastatin and propranolol. 

Digoxin: In patients with hypercholesterolemia, concomitant adminis- 
tration of lovastatin and digoxin resulted in no effect on digoxin plasma 
concentrations. 

Other Concomitant Therapy: Although specific interaction studies were 
not performed, in clinical studies, lovastatin was used concomitantly with 
beta blockers, calcium channel blockers, diuretics, and nonsteroidal anti- 
inflammatory drugs (NSAIDs) without evidence of clinically significant 
adverse interactions. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: In a 21-month 
carcinogenic study in mice, a statistically significant (p<0.05) increase in 
the incidence of hepatocellular carcinomas and adenomas was observed 
at doses of 500 mg/kg/day (312 times the maximum recommended 
human dose) of lovastatin. These changes were not seen in mice given 
doses of 20 and 100 mg/kg/day (12.5 and 62.5 times the maximum rec- 
ommended human dose). 

A statistically significant increase (p<0.05) in the incidence of pulmo- 
nary adenomas was seen in female mice receiving 500 mg/kg/day (312 
times the maximum recommended human dose); no similar changes 
were seen in males at any dose or in females receiving 20 or 100 mg/kg/ 
day (12.5 or 62.5 times the maximum recommended human dose). Be- 
cause the incidence of pulmonary tumors was within the range of 
untreated animals in studies of similar duration, the relationship of this 
latter change to treatment is not known. 

In addition, an increase in the incidence of papilloma in the non-glandu- 
lar mucosa of the stomach was observed in mice receiving 100 and 500 
mg/kg/day (62.5 and 312 times the maximum recommended human 
dose); no increase was seen at a dosage of 20 mg/kg/day (12.5 times the 
maximum recommended human dose). The glandular mucosa was not 
affected. The human stomach contains only glandular mucosa. Impor- 
tantly, there is a strong association between this change and hyperplasia 
of the squamous epithelium (acanthosis) in this region; acanthosis is a 
characteristic change observed in the non-glandular mucosa of rodents 
treated with HMG-CoA reductase inhibitors and is most probably a result 
of inhibition of the reductase in this tissue. 

Similar squamous epithelium is found in the esophagus and anorectal 
junction of the mouse and rat; however, no evidence of a similar drug- 
induced pU eer response was observed in these tissues in studies of 
up to 21 months in the mouse given up to 500 mg/kg/day (312 times the 
maximum recommended human don), or in a study of 24 months in the 
His i 180 mg/kg/day (112 times the maximum recommended human 

ose). 

In a 24-month carcinogenicity ens in rats, there was a positive dose 
response relationship for hepatocellular carcinogenicity in males (unad- 
justed p — 0.025). However, because the incidence of hepatocellular car- 
cinogenicity observed in male rats in this study is similar to that observed 
ith geal in this strain of rat, the implications of this finding are 
unclear. 

No evidence of mutagenicity was observed in a microbial mutagen test 
using mutant strains of Salmonella typhimurium with or without rat or 
mouse liver metabolic activation. In addition, no evidence of damage to 
genetic material was noted in an in vitro alkaline elution assay using rat or 
mouse hepatocytes, a V-79 mammalian cell forward mutation study, an in 
vitro chromosome aberration study in CHO cells, or an in vivo chromo- 
somal aberration assay in mouse bone marrow. 

No drug-related effects on fertility were found in studies with rats. 


Pregnancy: Pregnancy Category X: See CONTRAINDICATIONS. 

Lovastatin has been shown to produce skeletal malformations in the rat 
fetus at doses of 800 mg/kg/day (500 times the maximum recommended 
human n At similar doses in mice, an increase in skeletal malforma- 
tions was observed. These individual changes are within the range of 
those observed spontaneously in this strain of mouse. No drug-induced 
changes were seen in either species at doses of - to 80 mg/kg/day (50 
times the maximum recommended human dose). No evidence of malfor- 
mations was noted in rabbits at up to 15 mg/kg/day (highesttolerated dose 
—about 9 times the maximum recommended human dose). There are no 
data in pregnant women. 


Nursing Mothers: Studies in rats have shown that lovastatin is excreted in 
the milk. It is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk and because of the 
potential for serious adverse reactions in nursing infants from MEVACOR, 
women taking lovastatin should not nurse their infants (see 
CONTRAINDICATIONS). 


Pediatric Use: Safety and effectiveness in children have not been estab- 
lished. Because children are not likely to benefit from cholesterol lowering 
for at least a decade and because experience with this drug is limited (no 
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studies in subjects below the age of 20 years), treatment of children with 
lovastatin is not recommended at this time. 


ADVERSE REACTIONS: MEVACOR® (Lovastatin, MSD) is generally well 
tolerated; adverse reactions usually have been mild and transient. Less 
than 1% of patients were discontinued from controlled clinical studies due 
to adverse experiences attributable to MEVACOR. About 2% of patients 
were discontinued from all studies (controlled and uncontrolled) due to 
adverse experiences attributable to MEVACOR; about one-third of these 
patients were discontinued due to increases in serum transaminases. 


Clinical Adverse Experiences: Adverse experiences reported in patients 
—_— with MEVACOR in controlled clinical studies are shown in the table 
elow: 


MEVACOR Placebo Cholestyramine Probucol 
(N=613) (N=82) (N = 88) (N=97) 
9o % % % 
Gastrointestinal 
Constipation 
Diarrhea 
Dyspepsia 
Flatus 
Abdominal pain/cramps 
Heartburn 
Nausea 
Musculoskeletal 
Muscle cramps 
Myalgia 
Nervous System/Psychiatric 
Dizziness 
Headache 
Skin 
Rash/pruritus 
Special Senses 
Blurred vision 
Dysgeusia 
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Laboratory Tests: Marked persistent increases of serum transaminases 
have been noted (see WARNINGS). 

About 11% of patients had elevations of creatine phosphokinase (CPK) 
levels of at least twice the normal value on one or more occasions. The 
corresponding values for the control agents were cholestyramine, 9% and 
pep 2%. This was attributable to the noncardiac fraction of CPK. 

arge increases in CPK have sometimes been reported (see WARNINGS, 
Skeletal Muscle). 


Concomitant Therapy: \n controlled clinical studies in which lovastatin 
was administered concomitantly with cholestyramine, no adverse reac- 
tions peculiar to this concomitant treatment were observed. The adverse 
reactions that occurred were limited to those reported previously with 
lovastatin or we Ager Other lipid-lowering agents were not admin- 
istered concomitantly with lovastatin during controlled clinical studies. In 
uncontrolled clinical studies, most of the patients who have developed 
myopathy were receiving concomitant therapy with immunosuppressive 
ree gum or niacin (nicotinic acid) (see WARNINGS, Skeletal 
uscle). 


Uncontrolled Clinical Studies: The adverse experiences observed in 
uncontrolled studies were similar to those seen in controlled clinical 
studies. Abnormal liver function tests were observed at a higher incidence 
than in the controlled studies (see WARNINGS, Liver Dysfunction). Myop- 
athy m with marked CPK elevations) was reported in approx- 
imately 0.5% of patients (see WARNINGS, Skeletal Muscle). 


Causal Relationship Unclear: Nervous System: Peripheral neuropathy 
has been reported; the relationship to lovastatin is uncertain. Visual 
evoked response, nerve conduction measurements, and electromyogra- 

hy in over 30 patients showed no evidence of neurotoxic effects of 
ovastatin. 

Special Senses: Of 431 patients examined with slit lamp at baseline and 
during therapy with lovastatin, 34 had teer reported at the final exam- 
ination (5 to 15 months after starting lovastatin) that were not noted at 
baseline. On the other hand, in 45 patients, opacities observed at baseline 
were not noted at the final examination, so that the prevalence did not 
increase (see PRECAUTIONS). 


Post-marketing Experience: Additional adverse experiences occurring 
since the drug was marketed are listed below: 
Clinical Adverse Experiences 

Gastrointestinal: Hepatitis, cholestatic jaundice, anorexia, 
vomiting. 

Hypersensitivity Reactions: An apparent hypersensitivity syndrome 
has been reported rarely which has included one or more of the following 
features: anaphylaxis, angioedema, lupus-like syndrome, polymyalgia 
rheumatica, thrombocytopenia, leukopenia, hemolytic anemia, positive 
ANA, ESR increase, arthritis, arthralgia, urticaria, asthenia, photosensi- 
tivity, fever, and malaise. 

Nervous System/Psychiatric: Psychic disturbances, including 
anxiety; paresthesia. 

Causal Relationship Unknown 

Gastrointestinal: Pancreatitis, stomatitis. 

Skin: Alopecia. 

Nervous System/Psychiatric: Depression, insomnia. 

Metabolic: Edema. 

Clinical pu Test Findings i 
Liver Function Tests: Liver function test abnormalities, including 
elevated alkaline phosphatase and bilirubin. 


OVERDOSAGE: The oral LDso of MEVACOR in mice is 20 g/kg. 

Five healthy human volunteers have received up to 200 mg of lovastatin 
asa — dose without clinically significant adverse experiences. A few 
cases of accidental overdosage have been reported; no patients had any 
specific symptoms, and all patients recovered without sequelae. The max- 
imum dose taken was 52 20-mg tablets (1.04 g). 

Until further experience is obtained, no specific treatment of overdos- 
age with MEVACOR can be recommended. E 

The dialyzability of lovastatin and its metabolites in man is not known at 
present. 


DOSAGE AND ADMINISTRATION: The patient should be placed on a stan- 
dard cholesterol-lowering diet before receiving MEVACOR and should 
continue on this diet during treatment with MEVACOR. MEVACOR should 
be given with meals. i 
he recommended starting dose is 20 mg once a day given with the 
evening meal. The recommended dosing range is 20 to 80 mg/day in sin- 
le or divided doses; the maximum recommended dose is 80 mg/day. 
djustments of dosage should be made at intervals of 4 weeks or more. 
Doses should be individualized according to the patient's response (see 
Tables | to IV under CLINICAL PHARMACOLOGY, Clinical Studies for dose 
response results). 
or those patients with severely elevated serum cholesterol levels 
(i.e., >300 mg/dL [7.8 mmol/L] on diet), MEVACOR may be initiated at 40 
mg/day. 

n patients taking immunosuppressive drugs concomitantly with 
lovastatin (see WARNINGS, Skeletal Muscle), the maximum recom- 
mended dosage is 20 m | 

Cholesterol levels should be monitored periodically and consideration 
should be given to reducing the dosage of MEVACOR 
if cholesterol levels fall below the targeted range. 





For more detailed information, consult your MSD Representative or see 
Prescribing Information, Merck Sharp & Dohme, Division of Merck & 
Co., INC., West Point, PA 19486. J8MC19R(508) 


Artist's rendition 
of MAG-TAB SR 
absorbed by villi 


in the jejunum 


FROM ADRIA LABORATORIES 


magnesium lactate 


THE FIRST SUSTAINED-RELEASE ORAL 
MAGNESIUM LACTATE SUPPLEMENT! FOR PATIENTS 
Al RISK OF MAGNESIUM DEFICIENCY. 


WELL ABSORBED BY THE GUT. 
WELL TOLERATED BY THE PATIENT. 


Ask your Adria sales representative for more information, or call 1-800-848-7493. 
PM” ADRIA LABORATORIES 
Division of Erbamont Inc. 
COLUMBUS, OHIO 43215 


* Or as directed by physician. 
o 1989 Adria Laboratories, Division of Erbamont Inc. 


Patent pending 
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Diuretic Therapy and Ventricular Arrhythmias in Persons 
65 Years of Age and Older 

Martin G. Myers 


The effect of hydrochlorothiazide on the frequency and severity of ventric- 
ular arrhythmias was examined in 37 elderly patients using 24-hour 
Holter monitoring. The study used a randomized, double-blind, crossover 
design with 3 treatment phases: hydrochlorothiazide, hydrochlorothiazide 
+ amiloride, and placebo, each of 6 weeks’ duration. Serious ventricular 
arrhythmias occurred in 13 of 37 patients receiving hydrochlorothiazide, 
50 mg/day, compared with 15 of 37 receiving placebo. The addition of 
amiloride, 5 mg/day, to hydrochlorothiazide reduced the arrhythmia 
frequency to 9 of 37 patients. The hourly ventricular premature complex 
frequency while receiving hydrochlorothiazide was higher (p = 0.045) 
than during hydrochlorothiazide + amiloride therapy. Mean serum potas- 
sium (mEq /liter) while receiving hydrochlorothiazide (3.5 + 1) was lower 
(p <0.001) than during placebo (4.1 + 0.1) or hydrochlorothiazide + 
amiloride (4.1 + 0.1) therapy. Compared with placebo, hydrochlorothia- 
zide did not increase the frequency or severity of ventricular arrhythmias 
in this elderly population. There was a trend to fewer arrhythmias during 
amiloride therapy. 
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Effects of Transdermal Scopolamine on Heart Rate Variability 
in Normal Subjects 

Tomas Vybiral, Robert J. Bryg, Michael E. Maddens, Surjit S. Bhasin, 
Simon Cronin, William E. Boden, and Michael H. Lehmann 


Over a period of 24 hours, transdermal scopolamine significantly in- 
creased both time- and frequency-domain indexes of heart rate variability, 
reflecting a vagomimetic effect. Pharmacologic enhancement of parasym- 
pathetic tone, therefore, is a feasible approach for investigating autonomic 
imbalance in patients with myocardial infarction, heart failure or cardiac 
arrhythmias. 
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Efficacy and Tolerance of High-Dose Intravenous Amiodarone 


for Recurrent, Refractory Ventricular Tachycardia 
Aryan N. Mooss, Syed M. Mohiuddin, Tom T. Hee, Dennis J. Esterbrooks, 
Daniel E. Hilleman, Karen S. Rovang, and Michael H. Sketch, Sr. 


High-dose intravenous amiodarone was given to 35 patients with recurrent 
life-threatening ventricular tachycardia (VT) refractory to conventional 
antiarrhythmic agents. Intravenous amiodarone was given as a 5 mg/kg 
loading dose over 30 minutes followed by 20 to 30 mg/kg/day as a 
constant infusion for 5 days. Twenty-two (63%) patients responded to 
intravenous amiodarone. All 22 responders received oral amiodarone and 
13 (59%) remain on oral amiodarone after an average follow-up of 19 
months. Of the 13 (37%) nonresponders, 10 died in the hospital while 
receiving intravenous amiodarone and 3 were discharged alive. Serious 


Continued on page A28 
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IABP and Thrombolytic Therapy. 


One in a series of actual case studies describing expanding 


applications for intra-aortic balloon pump (IABP) therapy in 
conjunction with. recent advances in revascularization. 





DIAGNOSIS: Acute Myocardial Infarction 
A 51 year-old man presented to the ER with substernal chest pain. The ECG demonstrated 
ST segment elevation in leads V1-V6 compatible with a hyperacute anterolateral myocardial infarction. 


TREATMENT 


* The patient was treated with intravenous nitroglycerine, intravenous Lopressor? and aspirin. 

© Lidocaine- A 75 mg. bolus injection was administered intravenously, followed by a continuous infusion at 
^ 2 mg/min. 

* Thrombolytic drug- A 1.5 million unit infusion was administered. 

* Heparin- A 5000 unit bolus injection was given, as well as a continuous infusion at 1000 units/hr 


The patient failed to respond and exhibited chest pain and persistent ECG changes. 


Lopressor® is a registered trademark of Geigy Pharmaceuticals Div. of Ciba-Geigy Corp. 


INTERVENTION 


Intra-aortic balloon pump therapy was initiated to restore hemodynamic stability and optimize 
myocardial salvage. 


OUTCOME 


Within 15 minutes of the initiation of counterpulsation, the patient was free of chest pain and his 
blood pressure was stabilized. The patient was taken to the OR for a double saphenous vein bypass 
grafting procedure on the LAD and OM arteries. No excessive bleeding was noted. 


DISCUSSION 


“IAB therapy can be used safely and early in patients with AMI who have received thrombolytic 
therapy. The complication rates are no greater than in patients treated with heparin alone during IAB 
therapy. Although thrombolysis has improved our ability to intervene in patients with AMI, there are still 
a considerable number of patients who require stabilization or acute intervention. IABP can be used early 
in these patients when clinically indicated.”! 


1 Goodwin MJ, Hartmann JR, McKeever LS, Bufalino VJ, Marek JC, Brown AS, Colandrea MA, Stamato NJ, Cahill JM, O'Donnell MJ, Amirparviz F, Enger EL: SAFETY OF INTRA-AORTIC 
BALLOON COUNTERPULSATION IN PATIENTS WITH ACUTE MYOCARDIAL INFARCTION RECEIVING STREPTOKINASE INTRAVENOUSLY. Am J Cardiol 1989; 64:937-938. 


Bibliography | 

For more information on the use of IABP and thrombolytic therapy and other applications, call or write 
for a free copy of Datascope's 60-page comprehensive bibliography of articles on IABP from standard medi- 
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Value of Right-Sided Cardiac Catheterization in Patients 
Undergoing Left-Sided Cardiac Catheterization for Evaluation 
of Coronary Artery Disease 

James A. Hill, Ariel A. Miranda, Stephen G. Keim, Marshall H. Decker, 
Jose |. Gonzalez, and Charles R. Lambert 


The value of right-sided cardiac catheterization was assessed prospectively 
in 200 patients undergoing left-sided catheterization for evaluation of 
known or suspected coronary artery disease. Abnormalities were detected 
in 69 (35%) patients (37 unsuspected) and in 3 patients, further evaluation 
was prompted. However, management was altered in only 3 (1.5%) pa- 
tients as a result of data obtained by right-sided catheterization. In conclu- 
sion, this additional procedure rarely adds clinically useful information 
about patients undergoing left-sided catheterization and angiography for 
coronary artery disease without a clinical indication for right-sided cathe- 
terization. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


594 
Value of Electrophysiologic Testing in Patients with Previous 
Myocardial Infarction and Nonsustained Ventricular 
Tachycardia 

Peter R. Kowey, Harvey L. Waxman, Arnold Greenspon, Richard 
Greenberg, David Poll, Steven Kutalek, Larry Gessman, Larry Muenz, 
and the Philadelphia Arrhythmia Group 





This retrospective study was designed to assess the value of programmed 
stimulation in 205 asymptomatic patients who had had a myocardial 
infarction and manifested nonsustained ventricular tachycardia (VT) ona 
24-hour ambulatory recording. Seventy-five patients (36%) were nonin- 
ducible, 59 (29%) had nonsustained VT, 67 (33%) had sustained mono- 
morphic VT and 4 (2%) had either polymorphic VT or ventricular fibrilla- 
tion. Patients were left untreated (82), treated empirically (57) or treated 
based on the results of invasive study (66). Of 187 patients followed for 18 
months, 45 had sustained VT or a cardiac death. Only left ventricular 
dysfunction discriminated those who had an event. Treatment had no 
apparent impact on survival. The value of electrophysiologic testing in 
patients with nonsustained VT is unknown. Definite conclusions will re- 
quire a large prospective randomized trial. 
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What's a common denominator of 
most heart attack victims? 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are 
common among heart attack victims,! and nearly two thirds of people 
who developed myocardial infarction in the PROCAM Trial had a low 
(<35 mg/dL) baseline level of HDL cholesterol.2 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 


LOPID raised low HDL 25% 


—in patients whose baseline HDL was below 35 mg/dL 
in the landmark Helsinki Heart Study (HHS)3 


Reduced heart attack incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose baseline 
HDL was below the median (464 mg/dL). Incidence of serious 
coronary events was similar for LOPID and placebo subgroups with 
baseline HDL above the median (464 mg/dL)3 


A powerful case for 


OP IID) 


; | ) 600-m 
gemfibrozil ) seine 
RAISES HDL... DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease (CHD) in Type IIb patients with low HDL, in addition to elevated LDL and 
triglycerides, and who have had an inadequate response to weight loss, diet, exercise, and other pharmacologic agents such as bile acid sequestrants 
and nicotinic acid. 

"Defined as a combination of definite coronary death and/or definite myocardial infarction. 


References: 1. Goldstein JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in coronary heart disease. |. Lipid levels in 500 survivors of myocardial 
infarction. | Clin Invest. 1973;52:1533-1543. 2. Assmann G, Schulte H. PROCAM-Trial: Prospective Cardiovascular Münster Trial. Zürich: Panscientia Verlag; 1986:8-9. 
3. Data on file, Medical Affairs Dept, Parke-Davis. 
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ipid? (Gemfibrozil Capsules and Tablets) 


"fore prescribing, please see full prescribing information. 

Brief Summary follows. 

JNTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
liary cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS). 

3. Hypersensitivity to gemfibrozil. 

ARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
‘een gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
udies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
‘eject, 1000 subjects with previous myocardial infarction were treated for five years 

ith clofibrate. There was no difference in mortality between the clofibrate-treated su b- 
cts and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
»veloped cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
icted by the World Health Organization (WHO), 5000 subjects without known cor- 
ary heart disease were treated with clofibrate for five years and followed one year 
ayond. There was a Statistically significant, 29%, higher total mortality in the clofibrate- 
sated than in a comparable placebo-treated control group. The excess mortality was 
ye to a 33% increase in noncardiovascular causes, including malignancy, post- 
yolecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
ibjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 1V2 year follow-up period since the trial 
as completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
1.7%) in the placebo group. Mortality from any cause during the double-blind portion 
'the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
ie more limited size of the Helsinki Heart Study, this result is not statistically- 
gnificantly different from the 29% excess mortality seen in the clofibrate group in the 
sparate WHO study. Noncoronary heart disease related mortality showed a 58% 
reater trend in the Lopid group (43 vs 27 patients in the placebo group, p- 0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
ial and in the 112 years since the trial was completed was 39 in the Lopid group and 29 
ithe placebo group (difference not statistically significant). This includes 5 basal cell 
arcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
redicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
om malignancies were not statistically 
ifferent between Lopid and placebo sub- 
roups. Follow-up of the Helsinki Heart 
tudy participants will provide further infor- 
ation on cause-specific mortality and 
ancer morbidity. 

2. A gallstone prevalence substudy of 450 
lelsinki Heart Study participants showed a 
'end toward a greater prevalence of gall- 
tones during the study within the Lopid 
'eatment group (7.5% vs 4.9% for the place- 
10 group, a 55% excess for the gemfibrozil 
jroup). A trend toward a greater incidence 
f gallbladder surgery was observed for the 
opid group (17 vs 11 subjects, a 54% ex- 
sess). This result did not differ statistically 
rom the increased incidence of cholecystectomy observed in the WHO study in the 
jroup treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
xcretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
itudies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3, Since a reduction of mortality from coronary artery disease has not been 
jemonstrated and because liver and interstitial cell testicular tumors were increased in 
ats, Lopid should be administered only to those patients described in the INDICATIONS 
WD USAGE section. If a significant serum lipid response is not obtained, Lopid should 
e discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
ire given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
o maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
hat the prothrombin level has stabilized. 

5, Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
‘habdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
eading in a high proportion of cases to acute renal failure. In most subjects who have 
nad an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
herapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts — Subcapsular bilateral cataracts occurred in 1096, and unilateral in 6.39/o 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

. (B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
Vasas increase was not statistically significant (p=0.1). In high dose female rats, there 






“was a significant increase in the combined incidence of benign, and malignant liver 
soplasms. In male and female mice, there were no statistically significant differences 
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Lopid® (Gemfibrozil Capsules and Tablets) 


from controls in the incidence of liver tumors, but the doses tested were lower than those 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two otherdrugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. 

5. Pregnancy Category B—Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8 Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children —Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 

(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1 3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 

Additional adverse reactions that have been reported for gemfibrozil are listed below 
by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles: Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- | 
dosage, symptomatic supportive measures should be taken should it occur. 19 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Engl J Med 
1987:317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription. 
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"The scope of subject matter covered in this 
book is extensive, ranging from assessment 
of the magnitude of the public health problem 
of cardiovascular disease and its risk factors 
among multiple subpopulations of the USSR 
to clinical and community intervention trials. 
This important work should serve as a 
challenge to investigators and practitioners of 
preventive cardiology in other countries: a 
challenge to all nations, individually and col- 
laboratively, to undertake a global effort to 
reduce the consequences of the modern epi- 
demic of cardiovascular disease in the indus- 
trialized nations and to prevent the emergence 
of future epidemics in industrializing nations" 
— from the foreword by 
Herman A. Tyroler, M.D. 


This vital new reference offers documented 
on-going studies into the causes of cardiovas- 
cular disease and into the feasibility of in- 
stituting preventive measures for large popu- 
lations. 

The size of the studies, their comprehen- 
siveness, and the exacting methodology with 
which they were undertaken will ensure the 
place of this vital reference for a long time to 
come. 
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adverse events (hypotension, bradycardia) occurred in 13 (37%) patients 

during intravenous amiodarone therapy. High-dose intravenous amioda- * 
rone is effective in most patients with recurrent sustained VT but is 

associated with an unacceptably high incidence of serious adverse events. 

The optimal dose and duration of intravenous amiodarone for patients 

with recurrent, refractory sustained VT remain unknown. 


615 
Programmed Ventricular Stimulation Using Up to Two 
Extrastimuli and Repetition of Double Extrastimulation for 
Induction of Ventricular Tachycardia: A New Highly Sensitive 
and Specific Protocol 

Bernard Belhassen, Itzhak Shapira, David Sheps, and Shlomo Laniado 





A standard protocol of programmed ventricular stimulation using up to 2 
extrastimuli was modified to include repetition (10) of double extrastimu- =" 
lation at the shortest coupling intervals that allowed ventricular capture. 
This protocol showed a high sensitivity and specificity (90 and 93%, 
respectively) for induction of sustained ventricular tachyarrhythmia. The 
inducibility rates of sustained ventricular tachyarrhythmia were similar in 
patients who presented with sustained ventricular tachycardia (92%, n = 
25) and in those who presented with ventricular fibrillation (88%, n = 16). 
Repetition of double extrastimulation appeared to play an important role 
in the high sensitivity of the protocol, especially in patients who presented 
with ventricular fibrillation. 


623 

Effects of Upright Posture on Atrioventricular Accessory 
Pathway Conduction 

Michael J. Reiter and David E. Mann 


The electrophysiologic effects of 45° head-up tilt were studied in 19 

patients with atrioventricular accessory pathways. Upright posture en- 

hanced both anterograde and retrograde accessory pathway conduction. + 
Rate of both atrial fibrillation and orthodromic tachycardia was increased 

during head-up tilt. The tachycardia rate with head-up tilt was closer to 

the rate of clinical tachycardia than the rate in the supine position. 


628 
Electrophysiologic Effects and Efficacy of Cibenzoline on 
Stimulation-Induced Atrial Fibrillation and Flutter and 
Implications for Treatment of Paroxysmal Atrial Fibrillation 
Volker Kühlkamp, Juliane Meerhof, Frank Schmidt, Frank Mayer, 
Oliver Ickrath, Rainer Haasis, and Ludger Seipel 





The effects of the new class I antiarrhythmic drug cibenzoline (1.5 mg/kg, 
intravenously) on atrial vulnerability and electrophysiology were assessed 
in 25 patients with documented paroxysmal atrial fibrillation (AF), in 
whom sustained (>30 seconds) AF was induced by atrial stimulation. In 
10 patients induction of AF after intravenous cibenzoline was prevented, | 
whereas in 15 patients cibenzoline was ineffective. Cibenzoline increased * 
intraatrial conduction time, flutter cycle length and shortest ventricular 
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New, Once-a-Day 


Procardia XL 


nifedipine) Extended Release 


Tablets 30 mg, 60 mg and 90 mg GITS 
The convenience of a 
once-a-day calcium channel 
blocker 





Now available for your patients 


taking PROCARDIA capsules 
(nifedipine) 





The effectiveness you expect from nifedipine 





ANGINA FREQUENCY' 
Fourteen-week, open-label, crossover trial to compare the efficacy and dose 
5.0 *p value relative to baseline equivalency of nifedipine capsules (weeks 1 and 2) vs PROCARDI 

(n=91) (weeks 3-14) in 98 patients with chronic stable angina who'had been on n fedipine 
= 4.0 i capsules at least one month prior to the study. Patients were switched to the 
r^ nearest equivalent daily dose over the dose range of 30 150 mg/day. Ninety-five 
$30 patients were crossed over to receive PROCARDIA XL; 91 of these were evaluated 
E for efficacy. The majority remained on beta blockers and/or nitrates throughout the 
= 20 study. (Reported by Vetrovec GW et al, Am J Med, 1 
55 Patients were of different races. (Data on file. Medical Department, Pfizer Laboratories, 
= " p«0.01* p«0.01 * p<0.01* Pfizer Inc.2) 


eo 


" Baseline Wk 6 Wk 10 Wk 14 
nifedipine capsules PROCARDIA XL PROCARDIA XL PROCARDIA XL 


_.,. With a low incidence of vasodilatory side effects? 


% INCIDENCE OF ADVERSE EXPERIENCES IN ANGINA PATIENTS? 






Data obtained from multiple controlled trials of PROCARDIA XL (30-150 mg q.d.) in 
172 patients with angina. (Data on file. Medical Department, Pfizer Laboratories, 
Pfizer Inc.?) 


Percentage 


8.7 


Edema Headache Flushing Dizziness Palpitations 


e The most common side effects are peripheral edema, which is not associated with 
fluid retention, and headache 
In controlled trials of 776 patients with PROCARDIA XL, edema resulted in 
discontinuation of therapy in 2.7% of patients 


„ ... And no significant changes in heart rate! 


© 1989, Pfizer Inc. Please see brief summary of prescribing information on the adjacent page. 
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Procardia XL 


nifedipine) Extended Release 


Tablets 30 mg, 60 mg and 90 mg GITS 


-asy mg-for-mg 
Witch to convenient, 
ince-daily dosing 


Iver 90% of angina patients controlled on nifedipine 
-apsules were easily switched to and controlled on 
>ROCARDIA XL Extended Release Tablets at the 
learest equivalent total daily dose; others needed 
losage adjustment? 


PROCARDIA XL 


One 10-mg Extended Release 
nifedipine capsule t.i.d. Tablet q.d. 


PROCARDIA XL 
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One 20-m Extended Release 
nifedipine capsule t.i.d. Tablet q.d. 
f Summa 
CARDIA XL: (nifedipine) Extended Release Tablets For Oral Use 
TRAINDICATIONS: 


nown hypersensitivity reaction to ogee FP 
ININGS: Excessive Hypotension: Although in most angina pa ients the hypotensive effect of nifedipine is modest and well tolerated, 
Sional patients have had excessive and poorly tolerated hypotension. These responses have usually occurred during initial titration 
the time of subsequent upward dosage adjustment, and may be more likely in patients on concomitant beta blockers. 
vere hypotension and/or increased fluid volume requirements have been reported in patients receiving nifedipine together with a 
blocking agent who underwent coronary artery bypass surgery using high dose fentany! anesthesia. The interaction with high dose 
nyl — to be due to the combination of nifedipine and a beta blocker, but the possibility that it nay occur with nitedipine alone 
low doses of fentanyl, in other em procedures, or with other narcotic analgesics cannot be ruled out. In nifedipine-treated 
nts where surgery using high dose ili anesthesia is contemplated, the physician should be aware of these potential problems 
the patient's condition permits, sufficient time (at least 36 hours) Should be allowed for nifedipine to be washed out of the body prior 
rgery. l 
e following information should be taken into account in those patients who are being treated for hypertension as well as angina: 
rased Angina and/or Myocardial Infarction: Rarely, patients, particularly those who have severe obstructive coronary artery dis- 
have developed well documented increased bbe eb duration and/or severity of angina or acute myocardial infarction on star ting 
ipine or at the time of dosage increase. The mechanism of this effect is not established. 
locker Withdrawal: It is important to taper beta blockers if possible, rather than stopping them abruptly before beginning nifedi- 
Patients recently withdrawn from beta blockers may develop a withdrawal syndrome with increase angina, probably related to 
ases goin hy catecholamines. Initiation of nifedipine treatment will not prevent this occurrence and on occasion has been 
‘ted to increase it. 
estive Heart Failure: Rarely, patients usually receiving a beta blocker, have developed heart failure after beginning ne 
nts with tight aortic stenosis may be at greater risk for such an event, as the unloading effect of nifedipine would be expected to be 
s benefit to those patients, owing to their fixed impedance to flow across the aortic valve. 
‘AUTIONS: General—Hypotension: Because nifedipine decreases peripheral vascular resistance, careful monitoring of blood 
ure during the initial administration and titration of nifedipine is Suggested. Close observation is especially recommended for 
its already taking medications that are known to lower blood pressure. (See WARNINGS. ) 
heral Edema: Mild to moderate peripheral edema occurs in a dose dependent manner with an incidence ranging from approxi- 
ly 10% to about 30% at the Py ce dose studied (180 mp). It is a localized phenomenon thought to be associated with vasodilation 
dendent arterioles and small blood vessels and not due to left ventricular dysfunction or generalized fluid retention. With patients 
e angina or hypertension is complicated by congestive heart failure, care should be taken to differentiate this peripheral edema from 
fects of increasing left ventricular dysfunction 7 
ratory Tests: Rare, usually transient, but occasional significant elevations of enzymes such as alkaline phosphatase, CPK, LDH, 
, and SGPT have been noted, The relationship to nifedipine ree he uncertain in most cases, but probable in some. These labora- 
bnormalities have rarely been associated with clinical sym toms; however, cholestasis with or without jaundice has been reported. 
ill (5.4%) increase in mean alkaline phosphalase was noted in patients treated with PROCARDIA XL. This was an isolated fin ing not 
dated with clinical symptoms and it rarely resulted in values which fell outside the normal range. Rare instances of allergic hepatitis 
been reported. In controlled studies, PROCARDIA XL did not adversely affect serum uric acid, glucose, or cholesterol. Serum 
sium was unchanged in patients receiving PROCARDIA XL in the absence of concomitant diuretic therapy, and slightly decreased in 
Its receiving concomitant diuretics, i 
2dipine, like other calcium channel blockers, decreases platelet aggregation in vitro. Limited clinical studies have demonstrated a 
rate but statistically significant decrease in platelet aggregation and increase in bleeding time in some nifedipine patients. This is 
h to be 3 DIEA of inhibition of calcium transport across the platelet membrane. No clinical significance for these findings has 
emonstrated. 
iitive direct Coombs test with/without hemolytic anemia has been reported but a causal relationship between nifedipine adminis- 
1 and positivity of this laboratory test, Dong hemolysis, could not be determined. 
Yough nifedipine has been used Safely in patienfs with renal dysfunction and has been reported to exert a beneficial effect in certain 
„rare reversible elevations in BUN and serum creatinine have been reported in patients with pre-existing chronic renal insufficiency 
lationship to nifedipine therapy is uncertain in most cases but probable in some. 
nteractions—Beta-adrenergic blocking agents: (See WARNIN 1S) Experience in over 1400 patients with Procardia” capsules in a 
mparative clinical trial has shown that concomitant administration of nifedipine and beta-b Dering agents is usually well tolerated 
re have been occasional literature reports suggesting that the combination may increase the likelinood of congestive heart failure, 
! hypotension, or exacerbation of angina. 
g eting Nitrates: Nifedipine may be safely co-administered with nitrates, but there have been no controlled studies to evaluate the 
pa effectiveness of this combination, i 
talis: Administration of nifedipine with digoxin increased digoxin levels in nine of twelve normal volunteers. The average increase 
3%. Another investigator found no increase in digoxin levels in thirteen patients with coronary artery disease. In an uncontrolled 
of over two hundred patients with congestive heart failure during which digoxin blood levels were not measured. digitalis toxicity 
Y observed. Since there have been isolated reports of patients with elevated goon levels, it is recommended that digoxin levels 
nitored when initiating, adjusting, and discontinuing nifedipine to avoid possible over- or under-digitalization. 
marin Anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin anticoagulants to 
nifedipine was administered. However, the relationship to nifedipine therapy is uncertain. 
etidine: A study in six healthy volunteers has shown a Significant increase in peak nifedipine plasma levels (80%) and area-under- 
rve (74%), after a one week Course of cimetidine at 1000 mg per day and nifedipine at 40 mg per day. Ranitidine produced smaller, 
gnificant increases. The effect may be mediated by the known inhibition of cimetidine on hepatic cytochrome P-450, the enzyme 
1 probably responsible for the first-pass metabolism of nifedipine. If nifedipine therapy is initiated in a patient currently receiving 
Jine, cautious titration is advised 
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Carcinogenesis, Mutagenesis, Impairment of Fertility: Nifedipine was administered orally to rats, tor two ys and was not shown to 
be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility at à dose approximately 30 times the maximum 
recommended human dose. /n vivo myta enicity studies were negative. 
Pregnancy: Pregnancy Category C. Nifedipine has been shown to be teratogenic in rats when pven in doses 30 times the maximum 
recommended human dose. Nifedipine was embryotoxic (increased fetal resorptions, decreased fetal weight, increased stunted forms 
increased fetal deaths, decreased neonatal survival) in rats, mice, and rabbits at doses of from 3 to 10 times the maximum recommended 
human dose. In pregnant monkeys, doses 2/3 and twice the maximum recommended human dose resulted in small placentas and 
underdeveloped chorionic villi. In rats, doses three times maximum human dose and higher caused prolongation of rone There 
are no adequate and well controlled studies in pregnant women. PROCARDIA XL * (nifedipine) Extended Release Tablets should be used 
durin gemana oniy if the potential benefit justities the potential risk to the fetus. 
ADVERSE EXPERIENCES: Over 1000 paion from both controlled and open trials with PROCARDIA XL Extended Release Tablets in 
iypertonson and angina were included in the evaluation of adverse experiences. All side etfects rogare during PROCARDIA XL 
Extended Release Tablet therapy were tabulated independent of their causal relation to medication. The most common side effect 
reported with PROCARDIA XL was edema which was dose related and ranged in frequency from approximately 10% to about 30% at the 
highest dose studied (180 mq). Other common adverse experiences reported in placebo-controlled trials include: headache (15.8%. 
compared to 9.8% placebo incidence), fatique o2». compared to 41% placebo Incidence) dizziness (4.1%, compared to 4.5% placebo 
incidence), Constipation (3.3%, compared to 2.3% placebo incidence), and nausea (3.3%, compared to 19% placebo incidence). Of 
these, only edema and headache were more common in PROCARDIA patients than placebo patients. 

_The following adverse reactions occurred with an incidence of less than 3.0%. With the exception of leg cramps, the incidence of these 
side effects was similar to that of placebo alone: body as a whole/systemic: asthenia, flushing, pain: can 1ovascular: palpitations: central P 
nervous system: insomnia, nervousness, paresthesia, somnolence: dermatologic: pruritus, rash: gastrointestinal: abdominal pain, 
diarrhea, dry mouth, dyspepsia, flatulence; musculoskeletal: arthralgia, leg cramps; respiratory: chest pain (nonspecific), dyspnea; 
urogenital: impotence, polyuria. i 

ther adverse reactions were reported sporadically with an incidence of 1.0% or less. These include: body as a whole/systemic: face 

edema, fever, hot flashes, malaise, periorbital edema, rigors: cardiovascular: arrhythmia, hypotension, increased angina, tachycardia, 
syncope; central nervous system: anxiety, ataxia, decreased libido, depression, hypertonia, hypoesthesia, migraine, paroniria, tremor, 
vertigo; dermatologic ea sg increased sweating, urticaria, purpura; gastrointestinal: eructation, gastroesophageal reflux, gum 
hyperplasia, melena, vomiting, weight increase: musculoskeletal: back pain, gout, myalgias: respiratory: coughing, epistaxis, upper 
respiratory tract infection, respiratory disorder, sinusitis; special senses: abnormal facrimation, abnormal vision, taste perversion, 
tinnitus; urogenital/reproductive: breast pain, dysuria, hematuria, nocturia 

nas experiences which occurred in less than 1 in 1000 patients cannot be distinguished from concurrent disease states or 
medications. 

In multiple-dose U.S. and foreign controlled studies with nifedipine capsules in which adverse reactions were reported spontaneously, 
adverse effects were frequent bu generally not serious and rarely required discontinuation of therapy or dosage adjustment. Most were 
expected consequences of the vasodilator effects of Procardia. Adverse experiences reported in placebo-controlled trials include: dizzi- 
ness, lightheadedness, and giddiness (27%, compared to 15% placebo incidence): flushing, heat sensation (25%, compared to 8% 
placebo incidence); headache (23%, compared to 20% placebo incidence); weakness (12%, compared to 10% placebo incidence): 
nausea, heartburn (11%, compared to 8% placebo incidence): muscle cramps, tremor (8%, compared to 3% placebo incidence 
peripheral edema (7%, compared to 1% placebo incidence): nervousness, mood changes (7%, compared to 4% placebo incidence 
palpitation (7%, compared to 5% placebo incidence): dyspnea, cough, and wheezing (6%, compared to 3% placebo incidence): and 
nasal congestion. sore throat (6%, compared to 8% placebo incidence). 

There is also a wpe uncontrolled experience in over 2100 patients in the United States. Most of the patients had vasospastic or 
resistant angina pectoris, and about half had concomitant treatment with beta-adrenergic blocking agents. The relatively common 
adverse events were similar in nature to those seen with PROCARDIA XL. , 

In addition, more serious adverse events were observed, not readily distinguishable from the natural history of the disease in these 
patients. It remains possible, however, that some or many of these events were drug related. Myocardial infarction occurred in about 4% 
of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular arrh hmias or conduction disturbances each 
occurred in fewer than 0.5% of patients. — 

In a subgroup of over 1000 patients receiving Procardia with concomitant beta blocker hers the pattern and incidence of adverse 
experiences was not different irom that of the entire group of Procardia treated patients (See PRECAUTIONS. ) 

na sub ou of approximately 250 patients with a diagnosis of congestive heart failure as well as angina, dizziness or Mpesdec- 
ness, peripheral edema, headache or flushing each occurred in one in eight patients. Hypotension occurred in about one in 20 patients 
Syncone occurred in approximately one patent in 250. Myocardial infarction or symptoms of congestive heart failure each occurred in 
about one patient in 15. Atrial or ventricular dysrhythmias each occurred in about one patient in 150. 
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LABORATORIES DIVISION 


PFIZER INC 





CATCH EVERY MOVE THEY MAKE 
ALOKA SSD-870 COLOR DOPPLER 


Real-time two-dimensional ultrasound system 
for blood flow imaging with Cine Memory. 





normal normal 


Imaging information can now be stored and retrieved in detail thanks to 
the new Cine Memory system in the Aloka SSD-870. 
Then at your convenience, the study can be analyzed frame by frame 


to aid your diagnosis. Aloka's development of high performance imaging 
technology allows the dual 32-frame Cine Memory to display images with 
60-frame-per-second accuracy. And multi-functional phased array 
transducers have been developed for the Aloka SSD-870. 

Also high quality 2D, M mode, Conventional Pulsed and Continuous 
Doppler as well as Color Doppler studies are now possible through a single 


transducer. To learn more about the new Aloka SSD-870 Color Doppler 
system, please contact: 


De i | 
COROMETRICS A Q K A saa aot a o 
In the U.S. MEDICAL SYSTEMS, INC, 


Y x 
Corometrics Medical Systems. Inc., 61 Barnes Park Road North ALOKA CO..LTD.: 6-22-14 Mure, Mitaka-shi, Tokyo 181, Japan 
Wallingford, CT 06492-0333, Tel:203-484-4630 800-624-7265 Tel: (0422)45-5111 Cable address: ALOKA MITAKA Telex 02822-344 SSD-870 





CONTENTS/ABSTRACTS 


cycle length (p 0.01), whereas the effective refractory period of the right 
atrium was not affected. Eight patients with frequent episodes of paroxys- 
mal AF received oral cibenzoline (320 mg), irrespective of the efficacy of 
intravenous cibenzoline. Prevention of stimulation-induced AF predicted 
successful treatment of paroxysmal AF (p = 0.018 ). Cibenzoline might be 
effective in the treatment of atrial arrhythmias. Programmed atrial stimu- 
lation seems to be helpful to select an antiarrhythmic therapy for control of 
paroxysmal AF. 
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Relation of Moderate Alcohol Consumption and Risk of 
Systemic Hypertension in Women 

Jacqueline C.M. Witteman, Walter C. Willett, Meir J. Stampfer, 
Graham A. Colditz, Frans J. Kok, Frank M. Sacks, Frank E. Speizer, 
Bernard Rosner, and Charles H. Hennekens 


Alcohol consumption and risk of development of hypertension were stud- 
ied among 58,218 US women aged 34 to 59 years who were free of 
diagnosed hypertension and other major diseases. In 1980, all women 
provided data on their consumption of alcoholic beverages. During 4 years 
of follow-up, 3,275 women reported an initial diagnosis of hypertension; 
validity of the self-report measure was demonstrated in a subsample. 
When compared to nondrinkers, women drinking 20 to 34 g of alcohol per 
day (2 to 3 drinks) had a relative risk of 1.4 (95% CI 1.2 to 1.7) after 
adjustment for age and Quetelet's index. For women consuming 235 g/ 
day, the relative risk was 1.9 (95% CI 1.6 to 2.2). Adjustment for smoking 
and other dietary variables did not alter these results. Alcohol intake of up 
to about 20 g/day does not increase the risk of hypertension among 
women, but beyond this level, the risk increases progressively. 
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Rest and Exercise Cardiovascular Effects of Terazosin in 
Congestive Heart Failure 

Raymond D. Magorien, Sukirtharan Sinnathamby, Carl Leier, 
Harris Boudoulas, and Donald V. Unverferth 


Alpha; blockade diminshes adrenergic activity and acutely enhances myo- 
cardial function in congestive heart failure. This study examines the ef- 
fects of terazosin, an o, antagonist, on resting and exercise central hemo- 
dynamics, coronary blood flow and myocardial energetics. Alpha block- 
ade elicited systemic vasodilation with augmented cardiac output while 
left ventricular stroke work remained unchanged. Terazosin did not alter 
coronary vascular resistance at rest or during exercise. Following a block- 
ade, myocardial oxygen consumption decreased while coronary flow also 
tended to diminish. Despite systemic vasodilation, coronary resistance was 
unchanged and maintained a modulating influence on coronary blood 


Continued on page A38 
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Trandate” Tablets 
(labetalol hydrochloride) 
The following is a brief summary only. Before prescribing, see complete prescribing information in 
Trandate* Tablets product labeling. 

CONTRAINDICATIONS: Trandate* Tablets are contraindicated in bronchial asthma, overt cardiac fail- 
OS a aig lag heart block, cardiogenic shock. and severe bradycardia (see WARN- 
INGS). 

WARNINGS: Hepatic Injury: Severe hepatocellular injury, confirmed by rechallenge in at least one 
case, occurs rarely with labetalol therapy. The hepatic injury is usually reversible, but hepatic necrosis 
and death have been reported. Injury has occurred after both short- and long-term treatment and 
may be slowly progressive despite minimal symptomatology. Appropriate laboratory testing should 
be done at the first symptom/sign of liver dysfunction (eg, pruritus, dark urine, persistent anorexia, 
jaundice, right upper quadrant tenderness, or unexplained “flu-like” symptoms). If the patient has 
laboratory evidence of liver injury or jaundice, labetalol should be stopped and not restarted. 

Cardiac Failure: Sympathetic stimulation is a vital component supporting circulatory function in con- 
gestive heart failure. Beta-blockade carries a potential hazard of further depressing myocardial 
contractility and precipitating more severe failure. Although beta-blockers should be avoided in overt 
congestive heart failure, if necessary, labetalol HCI can be used with caution in patients with a history 
of heart failure who are well compensated. Congestive heart failure has been observed in patients 
receiving labetalol HCI. Labetalol HC! does not abolish the inotropic action of digitalis on heart 
muscle. 

In Patients Without a History of Cardiac Failure: In patients with latent cardiac insufficiency. continued 
depression of the myocardium with beta-blocking agents over a period of time can. in some cases. 
lead to cardiac failure. At the first sign or symptom of impending cardiac failure, patients should be 
fully digitalized and/or be given a diuretic, and the response should be observed closely. If cardiac 
failure continues despite adequate digitalization and diuretic, Trandate* therapy should be withdrawn 
(gradually, if possible). 

Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal: Angina pectoris has not been 
reported upon labetalol HCI discontinuation. However, hypersensitivity to catecholamines has been 
observed in patients withdrawn from beta-blocker therapy; exacerbation of angina and, in some 
cases, myocardial infarction have occurred after abrupt discontinuation of such therapy. ‘When dis- 
continuing chronically administered Trandate, particularly in patients with ischemic heart discase, the 
dosage should be gradually reduced over a period of one to two weeks and the patient should be 
carefully monitored. If angina markedly worsens or acute coronary insufficiency develops, Trandate 
administration should be reinstituted promptly, at least temporarily, and other measures appropriate 
for the management of unstable angina should be taken. Patients should be warned against interrup- 
tion or discontinuation of therapy without the physician's advice. Because coronary artery disease is 
common and may be unrecognized, it may be prudent not to discontinue Trandate therapy abruptly 
even in patients treated only for hypertension. 

Nonallergic Bronchospasm (eg, Chronic Bronchitis and Emphysema): Patients with bronchospastic 
disease should, in general, not receive beta-blockers. Trandate may be used with caution, however, 
in patients who do not respond to, or cannot tolerate, other antihypertensive agents. It is prudent. if 
Trandate is used, to use the smallest effective dose, so that inhibition of endogenous or exogenous 
beta-agonists is minimized. 

Pheochromocytoma: Labetalol HC! has been shown to be effective in lowering blood pressure and 
relieving symptoms in patients with pheochromocytoma. However, paradoxical hypertensive 
responses have been reported in a few patients with this tumor; therefore, use caution when adminis- 
tering labetalol HCI to patients with pheochromocytoma. 

Diabetes Mellitus and Hypoglycemia: Beta-adrenergic blockade may prevent the appearance of pre- 
monitory signs and symptoms (eg, tachycardia) of acute hypoglycemia. This is especially important 
with labile diabetics. Beta-blockade also reduces the release of insulin in response to hyperglycemia; 
it may therefore be necessary to adjust the dose of antidiabetic drugs. 

Major Surgery: The necessity or desirability of withdrawing beta-blocking therapy before major sur- 
gery is controversial. Protracted severe hypotension and difficulty in restarting or maintaining a 
heartbeat have been reported with beta-blockers. The effect of labetalol HCI's alpha-adrenergic activ- 
ity has not been evaluated in this setting. 

A synergism between labetalol HCI and halothane anesthesia has been shown (see PRECAUTIONS: 
Drug Interactions). 

PRECAUTIONS: General: Impaired Hepatic Function: Trandate* Tablets should be used with caution In 
patients with impaired hepatic function since metabolism of the drug may be diminished. 

Jaundice or Hepatic Dysfunction: (see WARNINGS). 

Information for Patients: As with all drugs with beta-blocking activity, certain advice to patients being 
treated with labetalol HCl is warranted. This information is intended to aid in the safe and effective use 
of this medication. It is not a disclosure of all possible adverse or intended effects. While no incidence 
of the abrupt withdrawal phenomenon (exacerbation of angina pectoris) has been reported with 
labetalol HCI, dosing with Trandate Tablets should not be interrupted or discontinued without a physi- 
cian's advice. Patients being treated with Trandate Tablets should consult a physician at any signs or 
symptoms of impending cardiac failure or hepatic dysfunction (see WARNINGS). Also, transient 
scalp tingling may occur, usually when treatment with Trandate Tablets is initiated (see ADVERSE 
REACTIONS). 

Laboratory Tests: As with any new drug given over prolonged periods, laboratory parameters should 
be observed over regular intervals. In patients with concomitant illnesses, such as impaired renal 
function, appropriate tests should be done to monitor these conditions. 

Drug Interactions: in one survey, 2.3% of patients taking labetalol HCI in combination with tricyclic 
antidepressants experienced tremor as compared to 0.7% reported to occur with labetalol HCI alone. 
The contribution of each of the treatments to this adverse reaction is unknown, but the possibility of a 
drug interaction cannot be excluded. 

Drugs possessing beta-blocking properties can blunt the bronchodilator effect of beta-receptor 
agonist drugs in patients with bronchospasm; therefore, doses greater than the normal antiasthmatic 
dose of beta-agonist bronchodilator drugs may be required. 

Cimetidine has been shown to increase the bioavailability of labetalol HCI. Since this could be 
explained either by enhanced absorption or by an alteration of hepatic metabolism of labetalol HCI, 
special care should be used in establishing the dose required for blood pressure control in such 
patients. 

Synergism has been shown between halothane anesthesia and intravenously administered labetalol 
HCI. During controlled hypotensive anesthesia using labetalol HCI in association with halothane, high 
concentrations (3% or above) of halothane should not be used because the degree of hypotension will 
be increased and because of the possibility of a large reduction in cardiac output and an increase in 
central venous pressure. The anesthesiologist should be informed when a patient is receiving 
labetalol HCI. 

Labetalol HCI blunts the reflex tachycardia produced by nitroglycerin without preventing its hypo- 
tensive effect. If labetalol HCI is used with nitroglycerin in patients with angina pectoris, additional 
antihypertensive effects may occur. 
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Trandate® (labetalol hydrochloride) Tablets 


Drug/Laboratory Test Interactions: The presence of labetalol metabolites in the urine may result in 
falsely elevated levels of urinary catecholamines, metanephrine, normetanephrine, and vanillylman- 
delic acid when measured by fluorimetric or photometric methods. In screening patients suspected of 
having a pheochromocytoma and being treated with labetalol HCI, a specific method, such as a high 
performance liquid chromatographic assay with solid phase extraction (eg, J Chromatogr 385: 
2411987) should be employed in determining levels of catecholamines. 

Labetalol HCI has also been reported to produce a false-positive test for amphetamine when , 
screening urine for the presence of drugs using the commercially available assay methods Toxi-Lab A* _ 
(thin-layer chromatographic assay) and Emit-d.a.u.* (radioenzymatic assay). When patients being 
treated with labetalol have a positive urine test for amphetamine using these techniques, confirmation 
should be made by using more specific methods, such as a gas chromatographic-mass spectrometer 
technique. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term oral dosing studies with labetalol 
HCI for 18 months in mice and for two years in rats showed no evidence of carcinogenesis. Studies 
with labetalol HCI using dominant lethal assays in rats and mice and exposing microorganisms 
according to modified Ames tests showed no evidence of mutagenesis. 

Pregnancy: Teratogenic Effects: Pregnancy Category C: Teratogenic studies were performed with 
labetalol in rats and rabbits at oral doses up to approximately six and four times the maximum recom- 
mended human dose (MRHD), respectively. No reproducible evidence of fetal malformations was 
observed. Increased fetal resorptions were seen in both species at doses approximating the MRHD. A 
teratology study performed with labetalol in rabbits at intravenous doses up to 1.7 times the MRHD 
revealed no evidence of drug-related harm to the fetus. There are no adequate and well-controlled 
studies in pregnant women. Labetalol should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus. 

Nonteratogenic Effects: Transient hypotension, bradycardia, and hypoglycemia have been rarely 
observed in infants of mothers who were treated with labetalol HCI for hypertension during preg- 
nancy. Oral administration of labetalol to rats during late gestation through weaning at doses of two 
to four times the MRHD caused a decrease in neonatal survival. 

Labor and Delivery: Labetalo! HCI given to pregnant women with hypertension did not appear to affect 
the usual course of labor and delivery. 

Nursing Mothers: Small amounts of labetalol (approximately 0.004% of the maternal dose) are 
excreted in human milk. Caution should be exercised when Trandate Tablets are administered to a 
nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Most adverse effects are mild and transient and occur early in the course of 
treatment. In controlled clinical trials of three to four months' duration, discontinuation of Trandate* 
Tablets due to one or more adverse effects was required in 7% of all patients. In these same trials, 
beta-blocker control agents led to discontinuation in 8% to 10% of patients, and a centrally acting 
alpha-agonist led to discontinuation in 30% of patients. 

The following adverse reactions were derived from multicenter, controlled clinical trials over treat- 
ment periods of three and four months. The rates, which ranged from less than 1% to 5% except as 
otherwise noted, are based on adverse reactions considered probably drug-related by the investiga- 
tor. If all reports are considered, the rates are somewhat higher (eg, dizziness, 20%; nausea, 14%; 
fatigue, 11%). 

Body as a Whole: Fatigue. asthenia, headache. Gastrointestinal: Nausea (6%), vomiting, dyspep- 
sia. diarrhea, taste distortion. Central and Peripheral Nervous Systems: Dizziness (11%), 
paresthesia. drowsiness. Autonomic Nervous System: Nasal stuffiness. ejaculation failure, impo- 
tence, increased sweating. Cardiovascular: Edema, postural hypotension. Respiratory: Dyspnea. 
Skin: Rash. Special Senses: Vision abnormality, vertigo. 

The adverse effects were reported spontaneously and are representative of the incidence of 
adverse effects that may be observed in a properly selected hypertensive patient population, ie, a 
group excluding patients with bronchospastic disease, overt congestive heart failure. or other contra- 
indications to beta-blocker therapy. 

Clinical trials also included studies utilizing daily doses up to 2,400 mg in more severely hyperten- 
sive patients. The US therapeutic trials data base for adverse reactions that are clearly or possibly 
dose-related shows that the following side effects increased with increasing dose: dizziness, fatigue, 
nausea, vomiting, dyspepsia, paresthesia, nasal stuffiness, ejaculation failure, impotence, and 
edema. 

In addition, a number of other less common adverse events have been reported: 

Body as a Whole: Fever. Cardiovascular: Postural hypotension, including, rarely, syncope. Central 
and Peripheral Nervous Systems: Paresthesia, most frequently described as scalp tingling. In most 
cases, it was mild and transient and usually occurred at the beginning of treatment. Collagen Dis- 
orders: Systemic lupus erythematosus, positive antinuclear factor. Eyes: Dry eyes. Immunological 
System: Antimitochondrial antibodies. Liver and Biliary System: Hepatic necrosis, hepatitis, chole- 


static jaundice, elevated liver function tests. Musculoskeletal System: Muscle cramps, toxic myopathy. _ 
Respiratory System: Bronchospasm. Skin and Appendages: Rashes of various types, such as gener- „ ~ 


alized maculopapular, lichenoid, urticarial, bullous lichen planus, psoriaform, and facial erythema; 
Peyronie's disease; reversible alopecia. Urinary System: Difficulty in micturition, including acute 
urinary bladder retention. 

Following approval for marketing in the United Kingdom, a monitored release survey involving 
approximately 6,800 patients was conducted for further safety and efficacy evaluation of this prod- 
uct. Results of this survey indicate that the type, severity, and incidence of adverse effects were 
comparable to those cited above. 
Potential Adverse Effects: In addition, other adverse effects not listed above have been reported with 
other beta-adrenergic blocking agents. Central Nervous System: Reversible mental depression pro- 
gressing to catatonia, an acute reversible syndrome characterized by disorientation for time and 
place, short-term memory loss, emotional lability, slightly clouded sensorium, and decreased per- 
formance on psychometrics. Cardiovascular: Intensification of A-V block (see CONTRAINDICA- 
TIONS). Allergic: Fever combined with aching and sore throat, laryngospasm, respiratory distress. 
Hematologic: Agranulocytosis, thrombocytopenic or nonthrombocytopenic purpura. Gastrointesti- 
nal: Mesenteric artery thrombosis, ischemic colitis. The oculomucocutaneous syndrome associated 
with the beta-blocker practolol has not been reported with labetalol HCI. 
Clinical Laboratory Tests: There have been reversible increases of serum transaminases in 4% of 
patients treated with labetalol HCI and tested and, more rarely, reversible increases in blood urea. 
OVERDOSAGE: Information concerning possible overdosage and its treatment appears in the full pre- 
scribing information. 
DOSAGE AND ADMINISTRATION: DOSAGE MUST BE INDIVIDUALIZED. The recommended initial dos- 
age is 100 mg twice daily whether used alone or added to a diuretic regimen. After two or three days, 
using standing blood pressure as an indicator, dosage may be titrated in increments of 100 mg bid 
every two or three days. The usual maintenance dosage of labetalol HCI is between 200 and 400 mg 
twice daily. Before use, see complete prescribing information for dosage details. 
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False alarms. They’re one of the 
most frustrating things about 
most telemetry systems. 


systems ) the same thing. 


The reason for this annoying 
problem is simple: the very high 
frequency (VHF) signal most 
systems transmit is disrupted by 
electrical noise and interference. 
Hewlett-Packard has the solution. 


You see, HP’s Digital Ultra High 
Frequency (UHF) Multi-Lead 
Telemetry System transmits ECG 
signals with 50 times the power 
of digital VHF. And digital trans- 
mission verifies the accuracy of 
the data. The result is fewer 

false alarms and algorithm ac- 
curacy approaching hardwired 
monitoring. 





The transmitter is small, 
lightweight and water resistant. 


In addition, our dynamic UHF 
antenna system filters out 
extraneous noise and artifacts 
and detects weak signals. 

This reduces signal drop-out 
and produces more accurate 
arrhythmia monitoring. 


And our telemetry system inter- 
faces with Hewlett-Packard’s 
extensive line of central stations 
and patient monitoring systems 
and can be easily expanded. 


What’s more, HP ACCOMPLISH 
Customer Support assures you 
of the value of your investment.* 
Which makes this one “Cry Wolf” 
story with a happy ending. 


There is a better way. 


HEWLETT 
n. A 3 UJ PACKARD 
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flow. Coronary sinus oxygen content during exercise increased with a 
blockade. Terazosin displays favorable acute cardiovascular effects in 
congestive heart failure while coronary autoregulation is maintained. 


644. ee 
Effects of Captopril Versus Milrinone Therapy in Modulating 
the Adrenergic Nervous System Response to Exercise in 
Congestive Heart Failure 

Ramón Corbalán, Jorge Jalil, Gastón Chamorro, Pablo Casanegra, and 
Paz Valenzuela 


We investigated the effects of a converting-enzyme inhibitor (captopril) 
and a phosphodiesterase inhibitor (milrinone) in chronic congestive heart 
failure in a 9-week study. Both drugs significantly improved the clinical 
signs and symptoms as reflected in a clinical score and also radionuclide 
ejection fraction: However, only captopril significantly lessened the in- 
crease in plasma levels of noradrenaline observed at a low level of exercise. 
Thus, in chronic congestive heart failure, converting-enzyme inhibition 
could have additional salutary effects beyond vasodilatation. 


VALVULAR HEART DISEASE 
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Percutaneous Balloon Mitral Valvuloplasty by Retrograde 
Left Atrial Catheterization 

Christodoulos Stefanadis, Costas Kourouklis, Costas Stratos, 
Christos Pitsavos, Costas Tentolouris, and Pavlos Toutouzas 


A new technique was developed for percutaneous mitral valve balloon 
valvuloplasty, using a retrograde approach to the left atrium via the left 
ventricle. This technique is based on a new externally steerable cardiac 
catheter that we designed for retrograde left atrial catheterization. The 
new technique was used successfully in 10 patients. This technique should 
prove to be a useful nonsurgical treatment of mitral stenosis and could 
provide an alternative to the transseptal method. 


CONGENITAL HEART DISEASE 


ONE. o n LL Oo Sn a eh PRE La POPS ESAT 
Ventricular Arrhythmias in Postoperative Tetralogy of Fallot 
Jay S. Chandar, Grace S. Wolff, Arthur Garson Jr., Timothy J. Bell, 
Stanley D. Beder, Margreet Bink-Boelkens, Craig J. Byrum, 

Robert M. Campbell, Barbara J. Deal, Macdonald Dick Il, Celia J. Flinn, 
Winston E. Gaum, Paul C. Gillette, Allan J. Hordof, John D. Kugler, 
Co-burn J. Porter, and Edward P. Walsh 


Spontaneous ventricular premature complexes (VPCs) on 24-hour ambu- 
latory electrocardiographic monitoring and laboratory-induced ventricu- 
lar tachycardia (VT) on electrophysiologic stimulation were analyzed in 
359 patients after total surgical repair of tetralogy of Fallot. Delayed age 
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TENORMIN reduces more than just painful myocardial 
ischemia. It reduces painless ischemia as well. Alone or in 
combination regimens, it lowers the total ischemic burden* 
and reduces the need for PRN nitroglycerin.'? 

*The sum of painful and painless episodes. 


In Angina 
ONE TABLET A DAY 


€NORMIN 


(atenolol) 


P ROTECTS The H EART. e See adjacent page for brief summary of prescribing information. 














IV. INJECTION/TABLETS 
sue TENORMIN 
or the long run. 


(atenolol) 


(For full prescribing information, see package insert.) 


IDICATIONS AND USAGE: : TENORMIN is indicated in the management of hypertension. It may be used alone or 
yncomitantly with other antihypertensive agents, particularly with a thiazide-type diuretic. 
Angina Pectoris Due to Coronary Atherosclerosis: TENORMIN is indicated for the long-term management of patients with 


ina pectoris. 

AGE infarction: TENORMIN is indicated in the management of hemodynamically stable patients with definite or 
ispected acute myocardial infarction to reduce cardiovascular mortality. Treatment can be initiated as soon as the patient's clinical 
yndition allows. (See DOSAGE AND ADMINISTRATION, CONTRAINDICATIONS, and WARNINGS.) In general, there is no basis for 
eating patients like those who were excluded from the ISIS-1 trial (blood pressure less than 100 mm Hg systolic, heart rate less than 
) bpm) or have other reasons to avoid beta blockade. As noted above, some subgroups (eg, elderly patients with systolic blood 
ressure below 120 mm Hg) seemed less likely to benefit. 

ONTRAINDICATIONS: TENORMIN is contraindicated in sinus bradycardia, heart block greater than first degree, cardiogenic shock, 
nd overt cardiac failure. (See WARNINGS.) 

(ARNINGS: Cardiac Failure: Sympathetic stimulation is necessary in supporting circulatory function in congestive heart failure, and 
eta blockade carries the potential hazard of further depressing myocardial contractility and precipitating more severe failure. In 
ypertensive patients who have congestive heart failure controlled by digitalis and diuretics, TENORMIN should be administered cau- 
ously. Both digitalis and atenolol slow AV conduction. 

In patients with acute myocardial infarction, cardiac failure which is not promptly and effectively controlled by 80 mg of intravenous 
jrosemide or equivalent therapy is a contraindication to beta-blocker treatment. 

In Patients Without a History of Cardiac Failure: Continued depression of the myocardium with beta-blocking agents over a 
ieriod of time can, in some cases, lead to cardiac failure. At the first sign or symptom of impending cardiac failure, patients should be 
ully digitalized and/or be givgn a diuretic and the response observed closely. If cardiac failure continues despite adequate digitalization 
ind diuresis, TENORMIN should be withdrawn. (See DOSAGE AND ADMINISTRATION.) 


being treated with TENORMIN, should be 
of myocardial infarction and 





Because of the problem 
be carefully observed and advised to limit physical activity to a minimum. If the angina worsens or acute coronary insufficiency de- 
. velops, it is recommended that TENORMIN be promptly reinstituted, at least temporarily. (See DOSAGE AND ADMINISTRATION.) 


Bronchospastic Diseases: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN GENERAL, NOT RECEIVE BETA 
BLOCKERS. Because of its relative beta, selectivity, however, TENORMIN may be used with caution in patients with 


bronchospastic disease who do not respond to, or cannot tolerate, other antihypertensive treatment. Since beta, selectivity 
is not absolute, the lowest possible dose of TENORMIN should be used with therapy initiated at 50 mg and a -stimulating 
agent (bronchodilator) should be made available. If dosage must be increased, dividing the dose should be in 
order to achieve lower peak blood levels. 

Anesthesia and Major : As with all beta-receptor blocking drugs it may be decided to withdraw TENORMIN before 
surgery. In this case 48 hours should be allowed to elapse between the last dose and anesthesia. If treatment is continued, care 
should be taken when using anesthetic agents which depress the myocardium such as ether, cyclopropane, and trichloroethylene. 

Additionally, caution should be used when TENORMIN I.V. Injection is administered concomitantly with such agents. 

TENORMIN, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and its effects on the heart can be reversed 
by administration of such agents: eg. dobutamine or isoproterenol with caution (see section on OVERDOSAGE). Manifestations ol 
excessive vagal tone (eg, profound bradycardia, hypotension) may be corrected with atropine (1 -2 mg IV). 

Diabetes and Hypoglycemia: TENORMIN should be used with caution in diabetic patients if a beta-blocking agent is required. 
Beta blockers may mask tachycardia occurring with hypoglycemia, but other manifestations such as dizziness and sweating may not be 
significantly affected. TENORMIN does not potentiate insulin-induced hypoglycemia and, unlike nonselective beta blockers, does not 
delay recovery of blood glucose to normal levels. 

: Beta-adrenergic blockade may mask certain clinical signs (eg, tachycardia) of hyperthyroidism. Patients 
suspected of having thyroid disease should be monitored closely when administering TENORMIN I.V. Injection. Abrupt withdrawal of 
beta blockade might precipitate a thyroid storm; therefore, patients suspected of developing thyrotoxicosis from whom TENORMIN 
therapy is to be withdrawn should be monitored closely. (See DOSAGE AND ADMINISTRATION.) 

PRECAUTIONS: General: Patients already on a beta blocker must be evaluated carefully before TENORMIN is administered. Initial 
and subsequent TENORMIN dosages can be adjusted downward depending on clinical observations including pulse and blood 


pressure. 

Impaired Renal Function: The drug should be used with caution in patients with impaired renal function. (See DOSAGE AND 
ADMINISTRATION.) 

Drug Interactions: Catecholamine-depleting drugs (eg, reserpine) may have an additive effect when given with beta-blocking 
agents. Patients treated with TENORMIN plus a catecholamine depletor should therefore be closely observed for evidence of 
hypotension and/or marked bradycardia which may produce vertigo, syncope, or postural hypotension. 

Should it be decided to discontinue therapy in patients receiving beta blockers and clonidine concurrently, the beta blocker should 
be discontinued several days before the gradual withdrawal of clonidine. 

Caution should be exercised with TENORMIN I.V. Injection when given in close proximity with drugs that may also have a 
depressant effect on myocardial contractility. On rare occasions, concomitant use of intravenous beta blockers and intravenous vera- 
pamil has resulted in serious adverse reactions, especially in patients with severe cardiomyopathy, congestive heart failure, or recent 
myocardial infarction. 

Information on concurrent usage of atenolol and aspirin is limited. Data from several studies, ie, TIMI-II, ISIS-2, currently do not 
suggest any clinical interaction between aspirin and beta blockers in the acute myocardial infarction setting. 

à j of Fertility: Two long-term (maximum dosing duration of 18 or 24 months) rat studies 
and one long-term (maximum dosing duration of 18 months) mouse study, each employing oral dose levels as high as 300 mg/kg/day or 
150 times the maximum recommended human anti ensive dose," did not indicate a carcinogenic potential in rodents. Results of 
various m studies support this finding. 

Fertility of male or female rats (evaluated at dose levels as high as 200 mg/kg/day or 100 times the maximum recommended human 

ti ive dose") was unaffected by atenolol administration. 

Animal Toxicology: Chronic studies employing oral atenolol performed in animals have revealed the occurrence of vacuolation of 
epithelial cells of Brunner's glands in the duodenum of both male and female dogs at all tested dose levels of atenolol (starting at 15 mg/ 
kg/day or 7.5 times the maximum recommended human antihypertensive dose") and increased incidence of atrial degeneration of 
-— of male rats at 300 but not 150 mg atenolol/kg/day (150 and 75 times the maximum recommended human antihypertensive 

,* respectively). 

Usage in Pregnancy: Pregnancy Category C: Atenolol has been shown to produce a dose-related increase in embryo/fetal 
resorptions in rats at doses equal to or greater than 50 mg/kg/day or 25 or more times the maximum recommended human antihy- 
pertensive dose.” Although similar effects were not seen in rabbits, the compound was not evaluated in rabbits at doses above 
25 mg/kg/day or 12.5 times the maximum recommended human antihypertensive dose." There are no adequate and well-controlled 
reat in pregnant women. TENORMIN should be used during pregnancy only if the potential benefit justifies the potential risk to the 
etus. 

* Based on a 50 kg patient weight. 

Nursing Mothers: Atenolol is excreted in human breast milk at a ratio of 1.5 to 6.8 when compared to the concentration in plasma. 
Caution should be exercised when TENORMIN is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Most adverse effects have been mild and transient. Frequency estimates were derived from controlled 
studies in hypertensive patients in which adverse reactions were either volunteered by the patient (US studies) or elicited, eg, by 
checklist (foreign studies). The reported frequency of elicited adverse effects was higher for both TENORMIN and placebo-treated 
patients than when these reactions were volunteered. Where frequency of adverse effects of TENORMIN and placebo is similar, causal 
relationship to TENORMIN is uncertain. 

The following adverse-reaction data present frequency estimates in terms of percentages: first from the US studies (volunteered 
side effects) and then from both US and foreign studies (volunteered and elicited side effects): 

US STUDIES (ATENOLOL, n=164; PLACEBO, nz206 ) (% ATENOLOL-% PLACEBO): 

CARDIOVASCULAR: bradycardia (3%-0%), cold extremities (0%-0.5%), postural hypotension (2%-1%), leg pain (0%-0.5%) 

CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (4%-1%), vertigo (2%-0.5%), light-headedness (1%-0%), tiredness 
(0.6%-0.5%), fatigue (3%-1%), lethargy (1%-0%), drowsiness (0.6%-0%), depression (0.6%-0.5%), dreaming (0%-0%) 

GASTROINTESTINAL: diarrhea (2%-0%), nausea (4%-1%) 

RESPIRATORY (see WARNINGS): wheeziness (0%-0%), dyspnea (0.6%-1%) 

TOTALS US AND FOREIGN STUDIES (ATENOLOL, n=399; PLACEBO, n=407): 

CARDIOVASCULAR: bradycardia (3%-0%), cold extremities (1 2%-5%), postural hypotension (4%-5%), leg pain (3%-1%) 

CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (13%-6%), vertigo (2%-0.2%), light-headedness (3%-0.7%), 
tiredness (26%-13%), fatigue (6%-5%), lethargy (3%-0.7%), drowsiness (2%-0.5%), depression (12%-9%), dreaming (3%-1%) 


GASTROINTESTINAL: diarrhea (3%-2%), nausea (3%-1%) 

RESPIRATORY (see WARNINGS): wheeziness (3%-3%), dyspnea (6%-4%) 

In a series of investigations in the treatment of acute myocardial infarction, bradycardia and hypotension occurred more commonly, 
as expected for any beta blocker, in atenolol-treated patients than in control patients. However, these usually responded to atropine and/ 
or to withholding further dosage of atenolol. The incidence of heart failure was not increased by atenolol. Inotropic agents were infre- 5 
quently used. The reported frequency of these and other events occurring during these investigations is given below. ` i 

in a study of 477 patients, the following adverse events were reported during either intravenous and/or oral atenolol administration: — 

CONVENTIONAL THERAPY PLUS ATENOLOL (n=244): bradycardia, 43 (18%); hypotension, 60 (25%); bronchospasm, 3 (1.2%); 
heart failure, 46 (19%); heart block, 11 (4.5%); BBB + major axis deviation, 16 (6.6%); supraventricular tachycardia, 28 (11.5%); atrial 
fibrillation, 12 (5%); atrial flutter, 4 (1.6%); ventricular tachycardia, 39 (16%); cardiac reinfarction, 0 (0%); total cardiac arrests, 4 (1.6%); 
nonfatal cardiac arrests, 4 (1.6%); deaths, 7 (2.9%); cardiogenic shock, 1 (0.4%); development of ventricular septal defect, 0 (0%); 
development of mitral regurgitation, 0 (0%); renal failure, 1 (0.4%); pulmonary emboli, 3 (1.2%) 

CONVENTIONAL THERAPY ALONE (n=233): bradycardia, 24 (10%); hypotension, 34 (15%); bronchospasm, 2 (0.9%); heart 
failure, 56 (24%); heart block, 10 (4.3%); BBB + major axis deviation, 28 (12%); supraventricular tachycardia, 45 (19%); atrial fibrillation, 
29 (11%); atrial flutter, 7 (3%); ventricular tachycardia, 52 (22%); cardiac reinfarction, 6 (2.6%); total cardiac arrests, 16 (6.9%); nonfatal 
cardiac arrests, 12 (5.1%); deaths, 16 (6.9%); cardiogenic shock, 4 (1.7%); development of ventricular septal detect, 2 (0.9%); develop- 
ment of mitral regurgitation, 2 (0.9%); renal failure, 0 (0%); pulmonary emboli, 0 (0%) 

In the subsequent International Study of Infarct Survival (ISIS-1) including over 16,000 patients of whom 8,037 were randomized to 
receive TENORMIN(atenolol) treatment, the dosage of intravenous and subsequent oral TENORMIN was either discontinued or reduced 
for the following reasons: 

REASONS FOR REDUCED DOSAGE 

IV ATENOLOL’ REDUCED DOSE ( < 5 mg): hypotension/bradycardia, 105 (1.3%); cardiogenic shock, 4 (.04%); reinfarction, 0 (0%); 
cardiac arrest, 5 (.06%); heart block ( > first degree), 5 (.06%); cardiac failure, 1 (.0196); arrhythmias, 3 (.04%); bronchospasm, 1 (.01%) 

ORAL PARTIAL DOSE: hypotension/bradycardia, 1168 (14.5%); cardiogenic shock, 35 (.44%); reinfarction, 5 (.06%); cardiac arrest, 
28 (.34%); heart block ( > first degree), 143 (1.7%); cardiac failure, 233 (2.9%); arrhythmias, 22 (.27%); bronchospasm, 50 (.62%) 

* Full dosage was 10 mg and some patients received less than 10 mg but more than 5 mg. 

POTENTIAL ADVERSE EFFECTS: In addition, a variety of adverse effects have been reported with other beta-adrenergic blocking 


Other: Reversible alopecia, Peyronie's disease, erythematous rash, Raynaud's phenomenon. 

Miscellaneous: There have been reports of skin rashes and/or dry eyes associated with the use of beta-adrenergic blocking drugs. 
The reported incidence is small, and in most cases, the symptoms have cleared when treatment was withdrawn. Discontinuance of the 
drug should be considered it any such reaction is not otherwise explicable. Patients should be closely monitored following cessation of 


The oculomucocutaneous syndrome associated with the beta blocker practolol has not been reported with TENORMIN during 
investigational use and foreign marketing experience. Furthermore, a number of patients who had previously demonstrated established 
practolol reactions were transferred to TENORMIN therapy with subsequent resolution or quiescence of the reaction. 

OVERDOSAGE: To date, there is no known case of acute overdosage, and no specific information on emergency treatment of 
overdosage is available. The most common effects expected with overdosage of a beta-adrenergic blocking agent are bradycardia, 
, and hypoglycemia. 

in the case of overdosage, treatment with TENORMIN should be stopped and the patient carefully observed. TENORMIN can be 
removed from the general circulation by hemodialysis. In addition to gastric lavage, the following therapeutic measures are suggested if 
warranted: 

BRADYCARDIA: Atropine or another anticholinergic drug. 

HEART BLOCK (SECOND OR THIRD DEGREE): Isoproterenol or transvenous cardiac pacemaker. 

CONGESTIVE HEART FAILURE: Conventional therapy. 

HYPOTENSION (DEPENDING ON ASSOCIATED FACTORS): Epinephrine rather than isoproterenol or norepinephrine may be 
useful in addition to atropine and digitalis. 

BRONCHOSPASM: Aminophylline, isoproterenol, or atropine. 

HYPOGLYCEMIA: Intravenous glucose. 

DOSAGE AND ADMINISTRATION: : The initial dose of TENORMIN is 50 mg given as one tablet a day either alone or 
added to diuretic therapy. The full effect of this dose will usually be seen within one to two weeks. If an optimal response is not 
achieved, the dosage should be increased to TENORMIN 100 mg given as one tablet a day. Increasing the dosage beyond 100 mg a 
day is unlikely to produce any further benefit. 

TENORMIN may be used alone or concomitantly with other antihypertensive agents including thiazide-type diuretics, hydralazine, 
prazosin, and alpha-methyldopa. 

Angina Pectoris: The initial dose of TENORMIN is 50 mg given as one tablet a day. If an optimal response is not achieved within 
one week, the dosage should be increased to TENORMIN 100 mg given as one tablet a day. Some patients may require a dosage of 
200 mg once a day for optimal effect. 

Twenty-four hour control with once daily dosing is achieved by giving doses larger than necessary to achieve an immediate maximum 
effect. The maximum early effect on exercise tolerance occurs with doses of 50 to 100 mg, but at these doses the effect at 24 hours is 
attenuated, averaging about 50% to 75% of that observed with once a day oral doses of 200 mg. 

Acute Myocardial Infarction: In patients with definite or suspected acute myocardial infarction, treatment with TENORMIN I.V. 
Injection should be initiated as soon as possible after the patient's arrival in the hospital and after eligibility is established. Such 
treatment should be initiated in a coronary care or similar unit immediately after the patient's hemodynamic condition has stabilized. 
Treatment should begin with the intravenous administration of 5 mg TENORMIN over 5 minutes followed by another 5 mg intravenous 
injection 10 minutes later. TENORMIN I.V. Injection should be administered under carefully controlled conditions including monitoring of 
blood pressure, heart rate, and electrocardiogram. Dilutions of TENORMIN I.V. injection in Dextrose Injection USP, Sodium Chioride 
Injection USP, or Sodium Chioride and Dextrose Injection may be used. These admixtures are stable for 48 hours if they are not used 
immediately, 

In patients who tolerate the full intravenous dose (10 mg), TENORMIN Tablets 50 mg should be initiated 10 minutes after the last 
intravenous dose followed by another 50 mg oral dose 12 hours later. Thereafter, TENORMIN can be given orally either 100 mg once 
daily or 50 mg twice a day for a further 6-9 days or until discharge from the hospital. If bradycardia or hypotension requiring treatment or 
any other untoward effects occur, TENORMIN should be discontinued. (See full prescribing information prior to initiating therapy with 
TENORMIN Tablets.) 

Data from other beta blocker trials suggest that if there is any question concerning the use of IV beta blocker or clinical estimate that 
there is a contraindication, the IV beta blocker may be eliminated and patients fulfilling the safety criteria may be given TENORMIN 
Tablets 50 mg twice daily or 100 mg once a day for at least seven days (if the IV dosing is excluded). 

Although the demonstration of efficacy of TENORMIN is based entirely on data from the first seven postinfarction days, data from 
other beta blocker trials suggest that treatment with beta blockers that are effective in the postinfarction setting may be continued for one 
to three years if there are no contraindications. 

TENORMIN is an additional treatment to standard coronary care unit therapy. 

Patients With Renal Impairment: Since TENORMIN is excreted via the kidneys, dosage should be adjusted in cases of severe 
impairment of renal function. No significant accumulation of TENORMIN occurs until creatinine clearance falls below 35 mUmin/1.73 m? 
(normal range is 100-150 mL/min/1.73 m°); therefore, the following maximum oral dosages are recommended for patients with renal 
impairment. 


x 


Atenolol 


Creatinine Clearance Elimination Half-Life 
(mL/min/1.73 m?) (h) Maximum Dosage 
15-35 16-27 50 mg daily 
«15 »27 50 mg every other day 


Patients on hemodialysis should be given 50 mg after each dialysis; this should be done under hospital supervision as marked falls in 
blood pressure can occur. 

Cessation of Therapy in Patients With Angina Pectoris: |i withdrawal of TENORMIN therapy is planned, it should be achieved 
gradually, and patients should be carefully observed and advised to limit physical activity to a minimum. 

Parenteral drug products should be inspected visually for particulate matter and discoloration prior to administration, whenever 
solution and container permit. 

Rev H 8/89 

References: 1. ISIS-1 (First International Study of Infarct Survival) Collaborative Group: Randomised trial of intravenous atenolol 
among 16,027 cases of suspected acute myocardial infarction: ISIS-1. Lancet 1986;2:57-65. 2. Yusuf S, Sleight P, Rossi R, et al: 
Reduction in infarct size, arrhythmias and chest pain by early intravenous beta blockade in suspected acute myocardial infarction. 


Circulation 1983:67(suppl 1):32-45. 
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(Angel Dust) 
The physiological and psychological symptoms of substance abuse can mimic an 


astounding range of systemic disorders. 


PVC OR PCP? 
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Even more frightening is the fact that illegal drugs can cause sudden death be 


any symptoms occur — regardless of the dose 


, blood levels, or route of administration. 


Help your patients stop illegal drug use before it stops them. Ask about abuse as 


a routine part of your examination. 


0, Monday through Friday, 8:30 AM— 


healthcare professionals may call the National Clearinghouse 


for Alcohol and Drug Abuse: 1-301-468-260 


For information, 
4:30 PM EST. 


ASK THE QUESTIONS. 


Partnership for a Drug-Free America 


HELP STOP SUBSTANCE ABUSE. 
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at repair, longer follow-up duration, symptoms of syncope and presyncope 
and right ventricular systolic hypertension were related (p <0.05) to both 
spontaneous and laboratory-induced ventricular arrhythmias. Induction 
of VT on electrophysiologic stimulation correlated with spontaneous VT 
as well as VPCs on 24-hour ambulatory electrocardiographic monitoring. 
While induced sustained VT was related to all forms of VPCs, induced 
nonsustained polymorphic VT was related to complex forms of VPCs on 
ambulatory monitoring. Aggressive stimulation protocol increased the 
sensitivity of VT induction. VT was not induced in asymptomatic patients 
with normal 24-hour ambulatory electrocardiographic monitoring and 
normal right ventricular systolic pressure. Sudden death occurred in 5 
patients, most of whom had right ventricular diastolic hypertension and 
VPCs on ambulatory monitoring. 
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662 Eee 
Growth of the Human Heart Relative to Body Surface Area 
Howard P. Gutgesell and Christopher M. Rembold 


Normal cardiac data obtained by echocardiography and angiocardiogra- 
phy were analyzed with respect to growth-related changes occurring be- 
tween infancy and adulthood. Linear dimensions (left ventricular, aortic 
and right pulmonary artery diameter ) increased as a square root function 
of surface area and could not be depicted by a constant "index" of 
dimension to surface area. Aortic valve area was linearly related to surface 
area and equalled 3.4 cm?/m? for subjects of all sizes. Left ventricular 
volume and mass were exponentially related to surface area. Intracardiac 
areas may be indexed for surface area, but linear dimensions and volumes 
have a nonlinear relation to surface area and are more appropriately 
indexed by surface area to the 0.5 and 1.5 power, respectively. 
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Samuel A. Levine and His World War | Encounters with the 
Brothers Regii, Allbutt and Osler 

Charles F. Wooley and John M. Stang 
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Significance of a Lateral Q Wave Following First Anterior 


Wall Acute Myocardial Infarction 
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The only beta blocker 
as effective as quinidine 


.. Without quinidine complications. 


In randomized, double-blind crossover studies,’? Sectral® (acebutolol HCI) 
was shown to be as effective as quinidine in reducing spontaneous 
Premature ventricular contractions (PVCs), exercise-induced PVCs and 
complex PVCs* Unlike quinidine, Sectral® was not associated with drug- 
related gastric discomfort or diarrhea,'? Clinical experience in over 1,000 
patients yielded only a 4 percent incidence of diarrhea, constipation or 
flatulence. 


As the investigators commented: "The antiarrhythmic activity of (Sectral$), 
its ancillary pharmacologic properties, and its tolerance by a diverse 
group of patients make (Sectral9) a significant tool for the clinician in the 
management of chronic arrhythmia."? 


Like other beta blockers, Sectral? is contraindicated in persistently severe 
bradycardia, second- and third-degree heart block, overt congestive 
heart failure and cardiogenic shock. 


Initiate Sectral® therapy with 200 mg b.i.d. Dosage can be increased 
gradually until optimal response is obtained, generally between 600 mg 
to 1200 mg per day. va 
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acebutolol HCI 


For uncomplicated control of PVCs. 


I summary of prescribing information) 


'RAINDICATIONS: SECTRAL is contraindicated in: 1) persistently severe bradycardia, 
fees third-degree heart block; 3) overt cardiac failure; and 4) cardiogenic shock. (See 
) 

iINGS: CARDIAC FAILURE: Sympathetic stimulation may be essential for support of the 
ation in individuals with diminished myocardial contractility, and its inhibition by p - 

ergic receptor blockade may precipitate more severe failure. Although B -blockers should be 
ad in overt cardiac failure, SECTRAL can be used with caution in patients with a history of 
failure who are controlled with digitalis and/or diuretics. Both digitalis and SECTRAL 

r AV conduction. If cardiac failure persists, therapy with SECTRAL should be withdrawn. 
TIENTS WITHOUT A HISTORY OF CARDIAC FAILURE: In patients with aortic or mitral 
disease or compromised left ventricular function, continued depression of the myocardium 
'-blocking agents over a period of time may lead to cardiac failure. At the first signs of 

», patients should be digitalized and/or be given a diuretic and the response observed 

y. If cardiac failure continues despite adequate digitalization and/or diuretic, SECTRAL 

»y should be withdrawn. 

‘ERBATION OF ISCHEMIC HEART DISEASE FOLLOWING ABRUPT WITHDRAWAL: 

ving abrupt cessation of therapy with certain B-blocking agents in patients with coronary 

' disease, exacerbation of angina pectoris and, in some cases, myocardial infarction and 
have been reported. Therefore, such patients should be cautioned against interruption of 
»y without a physician's advice. Even in the absence of overt ischemic heart disease, when 
ntinuation of SÉCTRAL is planned, the patient should be carefully observed, and should be 
ad to limit physical activity to a minimum while SECTRAL is gradually withdrawn over à 
3 of about two weeks. (If therapy with an alternative B-blocker is desired, the patient may be 
lerred directly to comparable doses of another agent without interruption of B-blocking 
py). If an exacerbation of angina pectoris occurs, anti-anginal therapy should be restarted 
diately in full doses and the patient hospitalized until his condition stabilizes. 
PHERAL VASCULAR DISEASE: Treatment with B -antagonists reduces cardiac output and 
recipitate or aggravate the symptoms of arterial insufficiency in patients with peripheral or 
nteric vascular disease. Caution should be exercised with such patients and they should be 
ved closely for evidence of progression of arterial obstruction. 
NCHOSPASTIC DISEASES: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN 
=RAL, NOT RECEIVE AB-BLOCKER. Because of its relative B,-selectivity, however, low 
: of SECTRAL may be used with caution in patients with bronchospastic disease who do not 
ind to, or who cannot tolerate, alternative treatment. Since B ,-selectivity is not absolute and 
se-dependent, the lowest possible dose of SECTRAL should be used initially, preferably in 
3d doses to avoid the higher plasma levels associated with the longer dose-interval. A 
shodilator, such as a theophylline or a g ;-stimulant, should be made available in advance 
nstructions concerning its use. 


:STHESIA AND MAJOR SURGERY: The necessity, or desirability, of withdrawal of a B- 

‘ing therapy prior to major surgery is controversial. B -adrenergic receptor blockade impairs 
bility of the heart to respond to B -adrenergically mediated reflex stimuli. While this might be of 
fit in preventing arrhythmic response, the risk of excessive myocardial depression during 

ral anesthesia may be enhanced and difficulty in restarting and maintaining the heartbeat has 
reported with beta-blockers. If treatment is continued, particular care should be taken when 

j anesthetic agents which depress the myocardium, such as ether, cyclopropane and 
orethylene, and it is prudent to use the lowest possible dose of SECTRAL. SECTRAL, like 

' B-blockers, is a competitive inhibitor of B-receptor agonists and its effect on the heart can be 
sed by cautious administration of such agents (e.g., dobutamine or isoproterenol—see 
RDOSE). Manifestations of excessive vagal tone (e.g., profound bradycardia, hypotension) 

be corrected with atropine 1 to 3 mg i.v. in divided doses. 

IETES AND HYPOGLYCEMIA: B -blockers may potentiate insulin-induced hypoglycemia and 
t some of its manifestations such as tachycardia; however, dizziness and sweating are usually 
| tae nd affected. Diabetic patients should be warned of the possibility of masked 
iglycemia. 

ROTOXICOSIS: B -adrenergic blockade may mask certain clinical signs (tachycardia) of 
rthyroidism. Abrupt withdrawal of B -blockade may precipitate a thyroid storm; therefore, 

ints suspected of developing thyrotoxicosis from whom SECTRAL therapy is to be withdrawn 
iid be monitored closely. 

CAUTIONS: IMPAIRED RENAL OR HEPATIC FUNCTION: Studies on the effect of acebutolol 

tients with renal insufficiency have not been performed in the U.S. Foreign published 

rience shows that acebutolol has been used successfully in chronic renal insufficiency. 

yutolol is excreted through the G.I. tract, but the active metabolite, diacetolol, is eliminated 
ominantly by the kidney. There is a linear relationship between renal clearance of diacetolol 

creatinine clearance. Therefore, the daily dose of acebutolol should be reduced by 50% when 

‘reatinine clearance is less than 50 mL/min and by 75% when it is less than 25 mL/min. 

TRAL should be used cautiously in patients with impaired hepatic function. 

:CTRAL has been used successfully and without problems in elderly patients in the U.S. 

cal trials without specific adjustment of dosage. However, elderly patients may require lower 

tenance doses because the bioavailability of both SECTRAL and its metabolite are 

oximately doubled in this age group. 

JICAL LABORATORY FINDINGS: SECTRAL, like other B-blockers, has been associated with 

fevelopment of antinuclear antibodies (ANA). In prospective clinical trials, patients receiving 

TRAL had a dose dependent increase in the development of positive ANA titers and the overall 

lence was higher than that observed with propranolol. Symptoms (generally persistent 

'algias and myalgias) related to this laboratory abnormality were infrequent (less than 196 with 
drugs). Symptoms and ANA titers were reversible upon discontinuation of treatment. 

DRMATION FOR PATIENTS: Patients, especially those with evidence of coronary artery 

ase, should be warned against interruption or discontinuation of SECTRAL therapy without a 

iician's supervision. Although cardiac failure rarely occurs in properly selected patients, those 

g treated with B -adrenergic blocking agents should be advised to consult a physician if they 

lop signs or symptoms suggestive of impending CHF, or unexplained respiratory symptoms. 

itients should also be warned of possible severe hypertensive reactions from concomitant use 

-adrenergic stimulants such as the nasal decongestants commonly used in OTC cold 

arations and nasal drops. 


IG INTERACTIONS: Catecholamine-depleting drugs, such as reserpine, may have an 

tive effect when given with B-blocking agents. Patients treated with SECTRAL plus 
cholamine depletors should, therefore, be observed closely for evidence of marked 
lycardia or hypotension which may present as vertigo, syncope/pre-syncope, or ortho- 

c changes in blood pressure without compensatory tachycardia. Exaggerated hypertensive 
onses have been reported from the combined use of B-adrenergic antagonists and a- 
inergic stimulants, including those contained in proprietary cold remedies and vaso- 
strictive nasal drops. Patients receiving 8 -blockers should be warned of this potential 

ard. No significant interactions with digoxin, hydrochlorothiazide, hydralazine, 

npyrazone, oral contraceptives, tolbutamide or warfarin have been observed. 
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CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Chronic oral toxicity 
studies in rats and mice, employing dose levels as high as 300 mg/kg/day, which is equivalent 
to 15 times the maximum recommended (60 kg) human dose, did not indicate a carcinogenic 
potential for SECTRAL (acebutolol HCl). Diacetolol, the major metabolite of SECTRAL in man, 
was without carcinogenic potential in rats when tested at doses as high as 1800 mg/kg/day. 
SECTRAL and diacetolol were also shown to be devoid of mutagenic potential in the Ames 
Test. SECTRAL, administered orally to two generations of male and female rats at doses of up 
to 240 mg/kg/day [equivalent to 12 times the maximum recommended therapeutic dose in (a 
60 kg) man] and diacetolol, administered to two generations of male and female rats at doses 
of up to 1000 mg/kg/day, had no significant impact on reproductive performance or fertility. 
TERATOGENIC EFFECTS: Pregnancy Category B: Reproduction studies have been 
performed with SECTRAL in rats and rabbits at doses of up to 60 mg/kg/day, the equivalent of 
3 times the maximum recommended therapeutic dose in (a 60 kg) man. Studies have also been 
performed in these species with diacetolo! (at doses of up to 450 mg/kg/day in rabbits and up 
to 1800 mg/kg/day in rats). Other than a significant elevation in postimplantation loss with 450 
mg/kg/day diacetolol, a level at which food consumption and body weight gain was reduced in 
rabbit dams and a non-statistically significant increase in incidence of bilateral cataract in rat 
fetuses from dams treated with 1800 mg/kg/day diacetolol, there was no evidence of harm to 
the fetus with either drug. There are no adequate and well-controlled trials in pregnant women 
in the U.S.; however, studies have shown that both acebutolol and diacetolol cross the placenta. 
Because animal teratology studies are not always predictive of the human response, SECTRAL 
should be used during pregnancy only if the potential benefit justifies the risk to the fetus. 
Labor and Delivery: The effect of SECTRAL on labor and delivery in pregnant women is 
unknown. Studies in animals have not shown any effect of SECTRAL on the usual course of 
labor and delivery. 
Nursing Mothers: Acebutolol and diacetolol also appear in breast milk with a milk:plasma ratio 
of 7.1 and 12.2, respectively. Use in nursing mothers is not recommended. 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. Most adverse 
reactions have been mild, not required discontinuation of therapy, and tended to decrease as 
duration of treatment increases. 

The following table shows the frequency of treatment-related side effects derived from 
controlled clinical trials in patients with hypertension, angina pectoris, and arrhythmia. These 
patients received SECTRAL, propranolol, or hydrochlorothiazide as monotherapy, or placebo. 


TOTAL VOLUNTEERED AND ELICITED (U.S. STUDIES) 
SECTRAL Propranolol 


(N-1002) (N=424) 
% % 


Hydrochloro- 
thiazide 
(N=178) 

% 


Placebo 


Body System/ 
(N=314) 
% 


Adverse Reaction 

















Cardiovascular 
Chest Pain 
Edema 

Central Nervous System 
Depression 
Dizziness 
Fatigue 
Headache 
Insomnia 
Abnormal 
dreams 

Dermatologic 
Rash 

Gastrointestinal 
Constipation 
Diarrhea 
Dyspepsia 
Flatulence 
Nausea 

Genitourinary 
Micturition 
(frequency) 

Musculoskeletal 
Arthralgia 
Myalgia 

Respiratory 
Cough 
Dyspnea 
Rhinitis 

Special Senses 
Abnormal Vision 2 2 3 0 
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The following selected (potentially important) side effects were seen in up to 2% of 
SECTRAL patients: Cardiovascular: hypotension, bradycardia, heart failure. Central Nervous 
System: anxiety, hyper/hypoesthesia, impotence. Dermatological: pruritus. Gastrointestinal: 
vomiting, abdominal pain. Genitourinary: dysuria, nocturia. Musculoskeletal: back pain, joint 
pain. Respiratory: pharyngitis, wheezing. Special Senses: conjunctivitis, dry eye, eye pain. 

The incidence of drug-related adverse effects (volunteered and solicited) according to 
SECTRAL dose is shown below. (Data from 266 hypertensive patients treated for 3 months on 
a constant dose.) 


400 mg/ 800 mg/ 1200 mg/ 
day day day 
Body System (N=132) (N=63) (N=71) 
Cardiovascular 5% 2% 1% 
Gastrointestinal 3% 3% 7% 
Musculoskeletal 2% 3% 4% 
Central Nervous 
System 9% 13% 17% 
Respiratory 1% 5% 6% 
Skin 1% 2% 1% 
Special Senses 2% 2% 6% 
Genitourinary 2% 3% 1% 


POTENTIAL ADVERSE EFFECTS: In addition, certain adverse effects not listed above have 
been reported with other B -blocking agents and should also be considered as potential adverse 
effects of SECTRAL. 

Central Nervous System: Reversible mental depression progressing to catatonia (an acute 
syndrome characterized by disorientation for time and place), short-term memory loss, 
emotional lability, slightly clouded sensorium, and decreased performance 
(neuropsychometrics). 

Cardiovascular; Intensification of AV block (see CONTRAINDICATIONS). 

Allergic: Erythematous rash, fever combined with aching and sore throat, laryngospasm, and 
respiratory distress. 

Hematologic: Agranulocytosis, non-thrombocytopenic, and thrombocytopenic purpura. 
Gastrointestinal: Mesenteric arterial thrombosis and ischemic colitis. 

Miscellaneous: Reversible alopecia and Peyronie's disease. The oculomucocutaneous 
syndrome associated with the B-blocker practolol has not been reported with SECTRAL during 
investigational use and extensive foreign clinical experience. 


Keep at room temperature. Approximately 25°C (77°F). 
*Sectral” is not indicated in ventricular tachycardia. 
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In long-term clinical trials, Lozol 95% of patients showed no clinical = 


has demonstrated little or no hypokalemia in a long-term trial. d 
— effect on serum cholesterol levels.'? Do 
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*Lozol is not a cholesterol-lowering agent, nor has it been shown to reduce existing atherosclerotic plaque. | 
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Effect of Diltiazem on Cardiac Rate 
and Rhythm After Myocardial Infarction 


J. Thomas Bigger, Jr., MD, James Coromilas, MD, Linda M. Rolnitzky, MS, 
Joseph L. Fleiss, PhD, Robert E. Kleiger, MD, and the Multicenter 
Diltiazem Postinfarction Trial Investigators* 


The a priori hypothesis that diltiazem would reduce 


the frequency and repetitiveness of ventricular 
arrhythmias was tested 3 months after myocardial 
infarction in patients participating in the Multi- 
center Diltiazem Postinfarction Trial. After 3 
months of follow-up, 1,546 of the 2,466 patients 
enrolled had a 24-hour continuous electrocardio- 
graphic recording that contained >12 hours of ana- 
lyzable data. They were similar to the patients who 
survived 3 months but chose not to have a 24-hour 
electrocardiographic recording (i.e., they were rep- 
resentative of the entire group that survived 3 
months). After 3 months of follow-up, there were 
no significant differences between the diltiazem and 
placebo groups in the prevalence of atrioventricular 
block, the frequency of atrial arrhythmias or the 
frequency or repetitiveness of ventricular arrhyth- 
mias. Heart rate was significantly lower (67 + 12 
vs 71 + 12 beats/min) and there was a significantly 
greater proportion of patients with sinus pauses 
22 seconds in duration in the diltiazem group (6%) 
than in the placebo group (3%). Comparison with 
placebo revealed no evidence either for an anti- or 
proarrhythmic effect of diltiazem. There was no re- 
duction in sudden or arrhythmic death attributable 
to diltiazem treatment; the fraction of total deaths 
that were arrhythmic by the Hinkle classification 
was 41% in the placebo group and 42% in the dil- 
tiazem group. It may be that the lack of effect of 
diltiazem on ventricular arrhythmias is partially 
responsible for its lack of effect on mortality 
after myocardial infarction. 

(Am J Cardiol 1990;65:539-546) 


of symptomatic angina pectoris, supraventricular 

arrhythmias and hypertension has been demon- 
strated in clinical studies.!-^ Also, calcium antagonists 
have been shown, in carefully controlled animal experi- 
ments, to have an antiischemic effect, reducing ischemic 
damage and reducing ischemic ventricular arrhythmias, 
including ventricular fibrillation.?*!! However, the ef- 
fect of calcium antagonists on spontaneous ventricular 
arrhythmias in patients with coronary heart disease has 
not been established. We studied the effect of diltia- 
zem on spontaneous ventricular arrhythmias early after 
myocardial infarction in patients who were participating 
in the Multicenter Diltiazem Postinfarction Trial to de- 
termine its antiarrhythmic action, proarrhythmic effect 
and effect on arrhythmic mortality. One of the a priori 
secondary hypotheses of the Multicenter Diltiazem 
Postinfarction Trial, stated before the study began, was 
that diltiazem would significantly reduce the frequency 
and repetitiveness of ventricular arrhythmias and re- 
duce arrhythmic death after myocardial infarction by 
an antiischemic action. Also, we expected that diltiazem 
would decrease heart rate and cause sinus pauses and 
atrioventricular block, especially in patients taking con- 
comitant 6-adrenergic blocking drugs. 


T benefit of calcium antagonists for treatment 


METHODS 
Study organization: The organization of the Mul- 
ticenter Diltiazem Postinfarction Trial has been de- 
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Age (yrs) 
Previous myocardial infarction (%) 

New York Heart Association class (I vs I-IV) (%) 
Pulmonary congestion (%) 

Creatine kinase >1,000 U (%) 

Blood urea nitrogen (mg/dl) 

Left ventricular ejection fraction (%) 

24-hour average heart rate (beats/min) 
Frequency of VPCs (hour) 

Unsustained ventricular tachycardia (76) 
B-blocker treatment (%) 

Antiarrhythmic treatment (76) 

Digitalis treatment (76) 





















Values are mean + standard deviation or percentages. 


VPC = ventricular premature complex. 


scribed previously.!? The trial enrolled patients in 23 
centers (38 hospitals) in the United States and Canada 
between February 17, 1983, and June 30, 1986. A total 
of 2,466 men and women with myocardial infarction, 
aged 25 to 75 years, were enrolled 3 to 15 days after the 
infarction. After baseline studies, patients were random- 
ly assigned to either 60 mg of diltiazem 4 times a day or 
corresponding placebo. The patients were followed to a 
common termination date (June 30, 1987) yielding min- 
imum, maximum and average follow-up times of 12, 52 
and 25 months. The primary endpoints for the study 
were total mortality, cardiac death and first recurrent 
cardiac event (i.e., cardiac death or nonfatal myocardial 
infarction, whichever occurred first). 

Twenty-four-hour continuous electrocardiographic 
recordings: The Multicenter Diltiazem Postinfarction 
Trial attempted to record a baseline 24-hour electrocar- 
diogram in all participants during hospitalization for the 
index infarct; whenever possible, the recording was done 
before the onset of trial medication. The objective of 
this recording was to provide measurements on the fre- 
quency of ventricular arrhythmias, 1 of 12 prespecified 
covariates. The Multicenter Diltiazem Postinfarction 
Trial urged early initiation of study medication based 
on the hypothesis that early diltiazem treatment had the 
greatest opportunity to improve survival of trial par- 
ticipants. Therefore, when 24-hour electrocardiograms 
could not be scheduled immediately, trial medication 
was started and the 24-hour electrocardiogram was ob- 
tained later. 

To evaluate the effects of diltiazem on heart rate 
and on atrial and ventricular arrhythmias, a second 24- 
hour electrocardiogram was recorded between 2 and 6 
months (average 3 months) after myocardial infarction 
and is referred to as the “3-month” recording. 

Two-channel (V; and V;) 24-hour recordings were 
made on either reel-to-reel (61%) or cassette (39%) re- 
corders and were submitted to the Holter Analysis Cen- 
ter at Columbia University. The recordings were ana- 
lyzed using Columbia IV.!3-!4 For the Multicenter Dilti- 
azem Postinfarction Trial, the accuracy of Columbia IV 
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* Patients without 3-month Holters were included in this analysis only, if they survived at least 3 months. 


3-Month Holter Recording 





Yes 
(n = 1,603) 


19 23 

17 19 

19 21 

50 47 

20+9 21+10 

47 +14 47 +13 

7T +12 72+12 
17+ 82 17 + 86 
9 10 

93 54 


for quantifying ventricular premature complex frequen- 
cy was assessed by blinded analysis of the 16 hand- 
counted *gold standard" tapes from the Cardiac Ar- 
rhythmia Pilot Study. The Wilcoxon signed-ranks test 
was used to test for systematic differences on continu- 
ous variables between the results of analysis with Co- 
lumbia IV and results from the Cardiac Arrhythmia Pi- 
lot Study “gold standard" tapes. An exact binomial 
version of McNemar's test for matched samples was 
used to test for differences between Columbia IV and 
the Cardiac Arrhythmia Pilot Study “gold standard” 
classifications for the absence or presence of ventricular 
tachycardia (defined as 23 ventricular premature com- 
plexes in a row).!© Reproducibility was estimated by 
blinded reanalysis of a random sample of 84 Multicen- 
ter Diltiazem Postinfarction Trial Holter tapes. To 
measure the degree of agreement for continuous vari- 
ables (i.e., heart rate) and the frequency of atrial and 
ventricular premature complexes, the intraclass correla- 
tion coefficient was used.'> The kappa statistic was used 
as a measure of reproducibility between the initial anal- 
ysis and the repeat analysis for the presence or absence 
of ventricular tachycardia.'© Kappa is interpreted in the 
same way as the intraclass correlation coefficient for 
quantitative data; however, the values of kappa are low- 
er for similar degrees of correlation.!ó 

Statistical methods: Statistical analyses were per- 
formed on version 2.0 of the Multicenter Diltiazem 
Postinfarction Trial database, released on April 16, 
1988. The data were sent to the Multicenter Diltiazem 
Postinfarction Trial Satellite Statistical Center at Co- 
lumbia University as a library of Statistical Analysis 
System data files. Descriptive statistics were obtained 
using Statistical Analysis System frequency or univar- 
iate procedures. For our primary analysis, patients were 
grouped in accordance with their treatment assignment 
at randomization (i.e., we followed the intention-to-treat 
principle). As a secondary analysis, an analysis by 
actual use was performed, in which the effect of diltia- 
zem was evaluated with patients grouped by treatment, 
while receiving or not receiving diltiazem, at the time of 





the 3-month 24-hour electrocardiographic recording. 
For both analyses, patients were included only if their 3- 
month 24-hour electrocardiographic recording had >12 
hours of analyzable data. 

The primary objective of this study was to evaluate 
the effect of diltiazem at 3 months on cardiac rate and 
rhythm. We had 2 choices on how to make the main 
comparison: (1) a direct comparison of the 3-month 24- 
hour Holter recordings for the patients assigned to dilti- 
azem or placebo treatment, ignoring the baseline re- 
cordings, or (2) a comparison between the treatment 
groups of the changes from baseline to 3 months for 
those patients who had their baseline 24-hour continu- 
ous electrocardiogram recorded before trial medication 
was started and whose baseline and 3-month tapes both 
had 212 hours of analyzable data. To improve the pre- 
cision of comparison between diltiazem and placebo, we 
chose between these 2 options by examining the stan- 
dard errors for ventricular premature complex frequen- 
cy associated with the 2 methods of comparison and se- 
lecting the method that gave the smaller standard error 
(a comparison of the mean differences would have been 
biased). Although the difference was small, the direct 
comparison using only the 3-month tapes produced the 
smaller standard error and was selected for our primary 
analysis. 

As secondary analyses, we compared baseline and 3- 
month results for patients who had both recordings to 
search for possible antiarrhythmic or proarrhythmic ef- 
fects. To evaluate the possibility that diltiazem is anti- 
arrhythmic in some patients we compared the propor- 
tions of patients in the placebo and diltiazem groups 
who achieved 27596 reduction in ventricular premature 
complex frequency. To evaluate the possibility that dil- 
tiazem may aggravate ventricular arrhythmias in some 
patients, proarrhythmic changes between the baseline 
and 3-month recordings were identified using the crite- 
ria of Morganroth and Pratt," and the results in pa- 
tients assigned to diltiazem treatment were compared 
with results in the placebo group. 

Only the Holter tapes with 212 hours of analyzable 
data were used for statistical analyses. Comparisons be- 
tween independent groups on continuous measures were 
made using independent sample : tests. Logarithmic 
transformations of ventricular premature complex fre- 
quency and atrial premature complex frequency were 
used for statistical analyses because their distributions 
were strongly skewed. Chi-square analyses were used 
for categorical variables. All significance tests were 2- 
tailed. 


RESULTS 

Prevalence of twenty-four hour electrocardiograph- 
ic recordings: Of the 2,466 patients who participated in 
the Multicenter Diltiazem Postinfarction Trial, 2,164 
had a baseline 24-hour continuous electrocardiographic 
recording; 2,098 of the baseline recordings had >12 
hours of analyzable data (1,043 in the placebo group 
and 1,055 in the diltiazem group). Of the baseline 2,098 
tapes with 212 hours of analyzable data, 95% (1,990) 
were done on or before the day study medication (diltia- 


rrr aaO 


zem or placebo) was started, and 5% (108) were done 1 
or more days after study medication was started. The 
baseline 24-hour electrocardiogram was recorded 7 + 3 
days after myocardial infarction; 87% of the recordings 
were done within 10 days of myocardial infarction. 
There were no significant differences between the place- 
bo and diltiazem groups for the time of the 24-hour 
electrocardiographic recording relative to myocardial 
infarction, to randomization or to the date medication 


was begui.. 
Th Iticenter Diltiazem Postinfarction Trial pro- 
tocol recommended that a second 24-hour continuous 


electrocardiogram be recorded approximately 3 months 
after enrollment in the trial. The 3-month 24-hour elec- 
trocardiogram was recorded in 1,603 patients. This re- 
cording was made 109 + 17 days after enrollment; 84% 
of the recordings were made in the third or fourth 
month. At least 12 hours of analyzable data were 
present in 1,546 recordings, 769 for patients in the pla- 
cebo group and 777 for patients in the diltiazem group. 
This reflected the almost equal 3-month mortality and 
dropout rates in the placebo and diltiazem groups. At 
the time of the 3-month 24-hour electrocardiogram, 
8670 of the 1,546 patients were still taking the treatment 
to which they were assigned at randomization (8896 of 
the patients assigned to diltiazem and 84% of the pa- 
tients assigned to placebo). The 3-month electrocardio- 
graphic recordings that had 212 hours of analyzable 
data were used for our analyses. 

Comparison of patients who did and did not have 
the three-month twenty-four hour continuous electro- 
cardiographic recording: Before analyzing the effect of 
diltiazem on cardiac rate and rhythm, we determined 
whether the 1,603 patients who had a 3-month 24-hour 
continuous electrocardiographic recording were similar 
to the 759 patients who survived 3 months and re- 
mained in the study, but did not have a 3-month 24- 
hour electrocardiogram. We compared these 2 groups 
for important baseline predictor variables and found 
that the 2 groups were well matched (Table I). There 
was a significant but small difference betwéen the 2 
groups for previous myocardial infarction. We conclud- 
ed that the comparison of drug effect on Holter vari- 
ables in patients receiving placebo and receiving diltia- 
zem would be generalizable to all patients who survived 
3 months. 

Holter quality control results: Comparing the mea- 
surement of ventricular premature complex frequency 
by Columbia IV with the *gold standard" measure- 
ments on sixteen 24-hour electrocardiographic record- 
ings from the Cardiac Arrhythmia Pilot Study, the me- 
dian values were identical (43 ventricular premature 
complexes/hour). Spearman's rank correlation coeffi- 
cient between Columbia IV and the “gold standard" 
measurements was 0.99. Reproducibility results also 
were excellent. The 84 Multicenter Diltiazem Postin- 
farction Trial 24-hour recordings that were reanalyzed 
in a blinded manner showed that Columbia IV had in- 
traclass correlation coefficients of 0.95 or better for 
measuring mean RR interval, and for measuring the 
frequency of ventricular and atrial premature complex- 
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Mean heart rate for 24 hours (beats /min) 
Frequency of ventricular premature complexes /hour 
Paired ventricular premature complexes (%) 
Unsustained ventricular tachycardia (%) 

Frequency of atrial premature complexes /hour 
Runs of atrial premature complexes (%) 

Sinus pauses of 22 seconds (%) 
AV block (96) 






* Results are for Hol 
t p «0.05; * p «0.01. 
AV = atrioventricular. 


ter recordings with 212 hours of data, done about 3 months after myocardial infarction. 


Treatment Assignment at Randomization 


Placebo 





Diltiazem 


33+ 114 34 + 122 
33 32 

13 13 

12 + 53 20 + 108 
35 36 

6 3! 


Treatment Assignment at Randomization 


Diltiazem (n = 777) 


B Blocker 


Mean heart rate for 24 hours (beats/min) 


Frequency of VPCs /hour 

Paired VPCs (96) 

Unsustained ventricular tachycardia (76) 
Frequency of atrial premature complexes /hour 
Runs of atrial premature complexes (96) 

Sinus pauses of 22 seconds (76) 

AV block (96) 


Placebo (n = 769) 


No 8 Blocker 8 Blocker No 8 Blocker 


(n = 365) 


74+ 12* 
43 + 151* 
36! 
12 
30 + 138* 
41: 

3 

1 


70 + 12 
43 + 137+ 


* Results are for Holter recordings with =12 hours of data done about 3 months after myocardial infarction. 


t p <0.05 for 8 blocker vs no 8 blocker. 
t p «0.01 for 8 blocker vs no £ blocker. 
AV = atrioventricular; VPC = ventricular premature complex. 


es. The kappa statistic showed excellent reproducibility 
for detection of ventricular tachycardia (i.e., kappa = 
0.83). 

Effect of diltiazem on cardiac rate and rhythm: Ta- 
ble II lists the comparison of the primary analysis of the 
3-month tapes for patients assigned to diltiazem and for 
patients assigned to placebo at randomization. The 24- 
hour average heart rate was significantly slower, by 4 
beats/min, in the diltiazem group. Also, the percent of 
patients having sinus pauses lasting >2 seconds was sig- 
nificantly greater in the diltiazem-treated group (6 vs 
3%). Diltiazem had no significant effect on the average 
frequency of atrial premature complexes or on the prev- 
alence of repetitive atrial premature complexes. Surpris- 
ingly, there was no increase in the prevalence of second- 
or third-degree atrioventricular heart block in the diltia- 
zem group. The frequency of ventricular premature 
complexes and the prevalence of pairs or runs of ven- 
tricular tachycardia were almost identical in the placebo 
and diltiazem groups, indicating an almost total lack of 
diltiazem effect on spontaneous ventricular arrhyth- 
mias. 

Also, we did an analysis by actual treatment at the 
time of the 3-month Holter recording. For this analysis, 
there were 714 patients taking diltiazem (691) or anoth- 
er calcium antagonist (23) and 832 patients who were 
not. The results of this analysis were similar to the 
results of the intention-to-treat analysis: the diltiazem- 
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placebo differences in 24-hour average heart rate and in 
the percentage of patients having sinus pauses lasting 
>2 seconds increased slightly. 

Beta-blocker treatment was not under experimental 
control (i.e., not randomly assigned), but was given by 
physicians as they saw fit. It is likely that physicians 
avoided prescribing 6-blockers for patients with heart 
failure or severe left ventricular dysfunction and for 
those with symptomatic or severe sinus bradycardia or 
atrioventricular block. The nonrandom selection of pa- 
tients for treatment with 8 blockers has to be kept in 
mind when interpreting the findings in Table III. The 8 
blockers reduced 24-hour average heart rate significant- 
ly more than diltiazem (6 vs 4 beats/min) and signifi- 
cantly reduced the frequency of atrial and ventricular 
ectopic complexes without any significant effect on si- 
nus pauses or atrioventricular block (Table III). There 
was no interaction between diltiazem treatment and 6- 
blocker treatment with respect to heart rate, sinus 
pauses or atrioventricular block. 

Evaluation of anti- and proarrhythmic effects of dil- 
tiazem: Because average values of ventricular prema- 
ture complex frequency or repetitiveness could hide an 
anti- or proarrhythmic effect in some patients, we 
searched for these effects using individual patient crite- 
ria. We defined antiarrhythmic efficacy as a 275% re- 
duction in ventricular premature complex frequency. 
We used the criteria of Morganroth and Pratt for 


hd 





proarrhythmic effects.!’ Their definition is similar to 
the definition used in the Cardiac Arrhythmia Pilot 
Study.!5 These analyses were conducted in patients who 
had a baseline 24-hour electrocardiographic recording 
on or before the day study treatment was started and 
also had a recording done at 3 months (212 hours of 
analyzable data were required for both recordings). We 
restricted the analysis to patients who had 210 ventric- 
ular premature complexes/hr with or without unsus- 
tained ventricular tachycardia at baseline (194) or those 
who had both 210 ventricular premature complexes/ 
hour and unsustained ventricular tachycardia at base- 
line (59) so that we could compare our results to other 
samples (e.g., those collected by Morganroth and Pratt 
and by the Cardiac Arrhythmia Pilot Study). To con- 
trol for the considerable spontaneous variability in the 
frequency and repetitiveness of ventricular arrhythmias 
after myocardial infarction, we compared the propor- 
tion of patients who met the criteria for anti- or pro- 
arrhythmic effect in the diltiazem group with the pro- 
portion in the placebo group. There were no signifi- 
cant differences in the proportions of apparent anti- or 
proarrhythmic responses between the placebo and dilti- 
azem groups (Table IV), suggesting that all or most of 
the apparent instances of antiarrhythmic or proarrhyth- 
mic effects of diltiazem actually represented spontane- 
ous variability. 

Effect of diltiazem on sudden or arrhythmic death: 
The proportions of all deaths occurring in the Multicen- 
ter Diltiazem Postinfarction Trial that were sudden 
(death within 1 hour of onset of symptoms), not sudden, 
not cardiac or uncertain were almost identical in the 
diltiazem group and in the placebo group (Table V). 
The proportions of deaths that were classified as ar- 
rhythmic, due to circulatory failure and due to coronary 
heart disease but not classifiable by the criteria of Hin- 
kle and Thaler!? were almost identical in patients as- 
signed to diltiazem and in those assigned to placebo 
(Table VI). 


DISCUSSION 

We have previously reported that diltiazem has no 
overall effect on mortality or nonfatal myocardial in- 
farction.'? One of our a priori secondary hypotheses 
was that diltiazem would reduce the frequency and re- 
petitiveness of ventricular arrhythmias after myocardial 
infarction because of its antiischemic action. Our data 
clearly show that diltiazem has no effect overall on 
spontaneous ventricular arrhythmias after myocardial 
infarction (ie., diltiazem treatment is not associated 
with either an increase or a decrease in ventricular ar- 
rhythmias in the period early after infarction). Also, we 
expected that diltiazem would reduce heart rate and in- 
crease the prevalence of sinus pauses and second- or 
third-degree atrioventricular block. As expected, the pa- 
tients assigned to diltiazem treatment had slightly lower 
heart rates, and more sinus pauses Z2 seconds than 
those assigned to placebo treatment. Surprisingly, diltia- 
zem treatment was not associated with any overall ef- 
fect on atrioventricular block. It may be that patients 
with significant atrioventricular block (i.e., second- or 
third-degree) were detected and withdrawn before the 








TABLE IV Proportions of Patients with 210 VPCs / Hour at 
Baseline Who Met the Criteria for Antiarrhythmic or 
Proarrhythmic Response to Treatment 


Treatment Assigned at 
Randomization 


Placebo 


34% (35/102) 


Diltiazem 


Antiarrhythmic 24% (22/92) 
Proarrhythmic 
Increased frequency of VPC 
Increased frequency 
of unsustained 


ventricular tachycardia 


4% (4/102) 
0% (0/31) 


1% (1/92) 
4% (1/28) 


The criterion for antiarrhythmic response was 7596 reduction in VPC frequency. 
Proarrhythmia was assessed by comparing the frequency of VPC and the number of 
episodes of unsustained ventricular tachycardia in baseline and 3-month 24-hour ECG 
recordings using the criteria of Morganroth and Pratt.?5 The differences between the 
diltiazem group and the placebo group were not statistically significant. 

VPC = ventricular premature complex. 


TABLE V Effect of Diltiazem on the Time Between Onset of 
Symptoms in the Terminal Event and Death 


Treatment Assigned at Randomization 


Diltiazem (n = 166) 


56 (34) 
43 (26) 
13 (8) 
61 (37) 
38 (23) 
11 (7) 
166 (100) 


Placebo (n = 167) 


50 (30) 
35 (21) 
15 (9) 
62 (37) 
43 (26) 
12 (7) 
167 (100) 


Type of Death 


Sudden deaths (95) 

«5 minutes 

5—60 minutes 
Nonsudden deaths (96) 
Noncardiac deaths (96) 
Uncertain (96) 
Total (96) 


3-month 24-hour electrocardiogram was done so that 
this effect was not seen. This is probably not the case, 
because the withdrawals from diltiazem treatment for 
atrial bradycardia were very few.!2 

A mean change in ventricular premature complex 
frequency could hide either an anti- or a proarrhythmic 
drug effect in some patients. Examination of changes 
from baseline to 3 months in patients who had 210 
ventricular premature complexes/hr on their baseline 
Holter recording showed an apparent antiarrhythmic 
effect in 34% of the patients in the placebo group and 
24% of the diltiazem group. These percentages are 
large, but are similar to the rate found in the Cardiac 
Arrhythmia Pilot Study placebo group (to qualify, pa- 
tients were required to have =10 ventricular premature 
complexes/hr on the baseline Holter recording).!? The 
apparent antiarrhythmic effects of both diltiazem and 
placebo probably are explained by regression to the 
mean and spontaneous variability. The apparent proar- 
rhythmia rates in the present study (5496) were low, 
and again there was no difference between the placebo 
and diltiazem groups, indicating that diltiazem had no 
real proarrhythmic effect. These rates are similar to the 
3.7% (19 of 509) of the patients with potentially malig- 
nant ventricular arrhythmias in the moricizine New 
Drug Application database.!" The apparent proarrhyth- 
mic effects observed in both the placebo and diltiazem 
groups probably reflect spontaneous variability. 

The lack of any diltiazem effect on spontaneous ven- 
tricular arrhythmias was contrary to our expectation 
and some experimental evidence of antiarrhythmic ef- 
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TABLE VI Effect of Diltiazem on Mechanism of Death after Myocardial Infarction 


Hinkle Class 


|. Arrhythmic deaths (%) 
Not preceded by impairment of circulation 
Preceded by chronic congestive heart failure, not disabling 
Preceded by chronic congestive heart failure, disabling 

I. Deaths in circulatory failure (%) 
Primarily caused by failure of peripheral circulation 
Primarily caused by myocardial failure 

Ill. Deaths not classifiable (%) 

Total cardiac deaths 

Deaths due to coronary artery surgery (n = 22) 


or deaths not due to atherosclerotic coronary heart disease (%) 


Total (%) 


fect. For example, Schwartz et al!! found that diltiazem 
protected cats from the ventricular fibrillation that com- 
monly occurs when stellate ganglion stimulation accom- 
panies myocardial ischemia.”° This beneficial effect was 
attributed to myocardial protection from ischemia. An 
effect of diltiazem on heart rate did not explain the 
antifibrillatory action. 

As expected, 6-blocker treatment was associated 
with decreased heart rate, and decreased frequency of 
atrial and ventricular arrhythmias. Contrary to expecta- 
tion, -blocker treatment was not associated with any 
change in sinus pauses or atrioventricular block. The 
lack of interaction between diltiazem and JÓ-blocker 
treatment suggests that concomitant use of these 2 
drugs is relatively safe. However, examination of ad- 
verse experience reports and drug discontinuation data 
may be more useful for detecting an adverse drug 
interaction between diltiazem and 6-blocker treatment. 
These data are being analyzed in detail as another part 
of the Multicenter Diltiazem Postinfarction Trial pro- 
gram. 

It is interesting that diltiazem, like other calcium an- 
tagonists, has so little effect on long-term mortality af- 
ter myocardial infarction. Altogether, about 16,000 pa- 
tients have been studied in randomized, placebo-con- 
trolled double-blind trials of calcium antagonists. All of 
the trials to date that evaluated verapamil, nifedipine or 
diltiazem have not even shown a trend toward benefit. 
The odds ratios or relative risks in all sizable clinical 
trials are remarkably close to 1.0.?!-?^ This lack of pro- 
tection against mortality by calcium antagonists stands 
in striking contrast with the rather uniform benefit seen 
in overviews of postinfarction studies using 8-adrenergic 
blocking drugs.?? It is intriguing to think about the dif- 
ferences in pharmacologic action between the calcium 
antagonists and -adrenergic blocking drugs that might 
account for their strikingly different effects on mortality 
after myocardial infarction. Both classes of drugs are 
effective for the treatment of myocardial ischemia al- 
though their mechanisms of action are quite different. 
The calcium antagonists act by impairing inward calci- 
um current in the myocardium and in arterial smooth 
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Treatment Assigned 
at Randomization 


Placebo 
(n = 167) 


Diltiazem 
(n = 166) 


68 (41.0) 
18 (10.8) 
31 (18.7) 


68 (40.7) 
23 (13.8) 
33 (19.8) 
12 (7.2) 
40 (24.0) 
0 (0.0) 
40 (24.0) 
6 (3.6) 
114 
50 (30.1) 53 (31.7) 


166 (100) 167 (100) 





muscle.!-? These actions slow heart rate, decrease myo- 
cardial contractility, accelerate relaxation and decrease 
aortic impedance. The antiarrhythmic effects of calci- 
um antagonists are primarily on supraventricular ar- 
rhythmias and are accounted for by their slowing of 
atrioventricular conduction by an action on the atrio- 
ventricular node.!-? There are a few reports of calcium 
antagonists reducing!!-!^ ventricular fibrillation during 
intense myocardial ischemia. Beta-adrenergic blocking 
drugs work by blocking jÓ-receptor-cyclic adenosine 
monophosphate-protein kinase-dependent pathways that 
slow heart rate, decrease myocardial contractility and 
accelerate relaxation similar to the calcium antago- 
nists. During long-term treatment, 6-adrenergic block- 
ing drugs also decrease aortic impedance by mecha- 
nisms that are not clear. Beta-adrenergic blocking drugs 
have a variety of antiarrhythmic actions tending to pre- 
vent automatic, triggered and reentrant arrhythmias. 
Perhaps most important is the ability of 6-blockers to 
prevent ventricular arrhythmias that occur during myo- 
cardial ischemia due to coronary occlusion.?9-?* 
Previous studies have shown that 6-blockers reduce 
the frequency and repetitiveness of ventricular arrhyth- 
mias after myocardial infarction. The best evidence 
comes from the Beta Blocker Heart Attack Trial, in 
which 3,279 of the 3,837 enrolled patients had a 24- 
hour continuous electrocardiographic recording before 
starting treatment with placebo or propranolol. A sys- 
tematic sample of 2596 of the patients had a second re- 
cording done 6 weeks after myocardial infarction while 
receiving study medication. The frequency of ventricu- 
lar premature complexes and the prevalence of repeti- 
tive ventricular premature complexes were substantially 
reduced in the propranolol group compared with the 
placebo group??? Much smaller studies of 
timolol, atenolol and metoprolol had very similar 
results.22253132 Two additional findings in the Beta 
Blocker Heart Attack Trial suggest that a substantial 
portion of the reduction in mortality attributable to pro- 
pranolol was due to an antiarrhythmic effect. Patients 
who had rhythm disturbances before treatment had the 
largest reduction in mortality?? and the reduction in in- 


stantaneous or sudden death was greater than the re- 
duction in total mortality.?^ Similar findings were re- 
ported for the Norwegian Timolol Trial.35 Thus, the 
antiarrhythmic action of 6-adrenergic blocking drugs 
after myocardial infarction is as uniform across trials as 
is the mortality effect. 

The effect of calcium antagonists on ventricular ar- 
rhythmias has been studied much less extensively than 
the effect of 8 blockers. No previous postinfarction 
calcium antagonist trial has collected 24-hour continu- 
ous electrocardiographic recordings systematically. Our 
data clearly show that diltiazem has no effect overall on 
spontaneous ventricular arrhythmias after myocardial 
infarction. Also, diltiazem did not reduce total or cardi- 
ac mortality, nor did it change the mechanism of 
death (ie. it did not reduce arrhythmic death more 
than death due to other mechanisms). 

There has been concern that diltiazem might have 
proarrhythmic effects. The present study clearly shows 
that diltiazem does not aggravate ventricular arrhyth- 
mias after myocardial infarction. 

A hypothesis worthy of serious consideration is that 
the difference between calcium antagonists and 8-adre- 
nergic blocking drugs in protection against death after 
myocardial infarction is caused by the difference in 
their antiarrhythmic effects. This is the most straight- 
forward explanation for the difference in mortality. An- 
other possibility is that 6 blockers have a more potent 
antiischemic action as well. This seems less likely since 
diltiazem has shown comparable antiischemic effect to 
that of 8-adrenergic blocking drugs in randomized con- 
trolled comparisons.?9?7 The difference in the effects of 
B blockers and calcium antagonists on postinfarction 
mortality cannot be explained solely by a difference in 
adverse effects on left ventricular dysfunction since £- 
adrenergic blocking drugs reduce mortality when com- 
pared to placebo in patients with recent myocardial in- 
farction but calcium antagonists have no overall effect 
on mortality. 
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APPENDIX 
The Multicenter Diltiazem Postinfarction Trial 
Research Group 

Participating Centers: Albuquerque Center (Albuquer- 
que, New Mexico): Lovelace Clinic, University of New Mexico 
Medical Center—Jonathan Abrams, MD, Robert Croke, MD, 
David Hoekenga, MD, Dolores Garcia, RN, Joan Letourneau, 
RN, MPH. Bethesda Center (Bethesda, Maryland): Malcolm 
Grow Air Force Hospital, Walter Reed Army Hospital —Rob- 
ert Goldstein, MD, William Oetgen, MD, Bryan Raybuck, 
MD, Jose Puebla-Tarilonte, MD, Daryl Youngman, MD, Steve 
Boccuzzi, RN, MS, Mary Beth Abt, RN, MS. Connecticut 
Center (Farmington, Connecticut): Mt. Sinai Hospital, New- 
ington Veterans Administration Medical Center, University of 
Connecticut Health Center—David Hager, MD, Martha Rad- 
ford, MD, Arthur Riba, MD, Laura Kearney, RN, Sharon 
Larkin, RN, Karen Waters, RN. Highland Hospital (Roches- 
ter, New York)—John Gillespie, MD, Nancy O'Daniels, RN, 
Mary Farrell, RN. Jewish Hospital (St. Louis, Missouri) — 
Ronald Krone, MD, Robert Kleiger, MD, Jane Humphrey, 
RN, Jeanne Gallo, RN. Kingston Center (Kingston, Ontario): 
Hotel Dieu, Kingston General Hospital—John Parker, MD, 
Lynda Reid, RN, Jeannine Martin, RN. Long Island Jewish 
Hillside Medical Center (New Hyde Park, New York)— 
Monty Bodenheimer, MD, Jerome Koss, MD, Janet Mascaro, 
RN, MA. Maimonides Medical Center (Brooklyn, New 
York)— Edgar Lichstein, MD, Gerald Hollander, MD, Linda 
Budzilowicz, RN, Nancy Zimett, RN. Montreal Center (Mon- 
treal, Quebec): Jewish General Hospital, Montreal General 
Hospital, Queen Elizabeth Hospital, Royal Victoria Hospi- 
tal—John McCans, MD, Claude Maranda, MD, Stanley Nat- 
tel, MD, Alan Sniderman, MD, Mario Talajic, MD, Gyongi 
Belfer, Diane Leibling, RN, Hughette LaFleur, RN, Freda 
Colquhoun, RN. Northwestern University Hospital (Chicago, 
Illinois) —Michael Lesch, MD, Richard Davison, MD, Linda 
Anderson, Michele Parker, RN, Paulette Feireisel, RN, Brenda 
Mayberry, RN. North Shore Hospital (Manhasset, New 
York)—John Morrison, MD, Lawrence Ong, MD, Karen 
Fuchs, RN. Oklahoma Center (Oklahoma City, Oklahoma): 
University of Oklahoma Medical Center, Veterans Adminis- 
tration Hospital —Karen Friday, MD, Patricia Harbman, RN, 
Shelly Harris, RN, Adrienne Oden, RN, Neala Jo Thompson, 
RN. Overlook Hospital (Summit, New Jersey)—John Grego- 
ry, MD, Stephen Fischl, MD, William A. Tansey, III, MD, 
Thomas V. Inglesby, MD, Linda Diehl, LPN, Susan Facchinei, 
LPN, Barbara Ripley, LPN. Presbyterian Hospital in the City 
of New York—J. Thomas Bigger, Jr., MD, James Coromilas, 
MD, Elsa G. V. Giardina, MD, James A. Reiffel, MD, Francis 
M. Weld, MD, Robert Stanyon, RN, MS, Ann Marie Squa- 
trito, RN, Patricia Leahey, Eileen Segale, RN. Providence 
Center (Providence, Rhode Island): Miriam Hospital, Roger 
Williams Hospital— William Boden, MD, Kenneth Labresh, 
MD, Ara Sadaniantz, MD, J. Robert McGhee, MD, Judy 
Doherty, RN, MS, Donna Fitzpatrick, RN, Catherine Alteri, 
RN, MS. Quebec Center (Quebec): Laval University Hospital, 
Quebec Heart Institute—Gilles Dagenais, MD, Denis Co- 
loumbe, MD, Louis Roy, MD, Diane LaForge, RN. Roosevelt 
Hospital (New York)—Henry Greenberg, MD, Edward M. 
Dwyer, Jr., MD, Elizabeth Callaghan, RN, Robin Anthony, 
RN, Bernadette Dwyer, RN, Pamela McMaster, RN. State 
University of New York at Buffalo—Robert M. Kohn, MD, 
Philip D. Morey, MD, Mary Bonora, Nancy Roberts, Jo- 
sephine Celano. St. Luke's Hospital Center (New York)— 
Robert B. Case, MD, Nancy Roistacher, MD, Lorraine Afflito, 
RN, Mary Alicino, RN. St. Vincent's Hospital (Worcester, 
Massachusetts)—David Spodick, MD, Athan Flessas, MD, 
Susan Jackson, RN, Elizabeth Vincent, RN. Toronto Western 
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Hospital (Toronto)—Hans Strauss, MD, Susan Lenkei, MD, 
Joann Noble, RN, Joanna Tanner, RN. Tucson Center (Tuc- 
son, Arizona): St. Mary's Hospital, Tucson Medical Center, 
Veterans Administration Hospital— Frank Marcus, MD, Sam- 
uel Goldfein, MD, Steven Goldman, MD, Charles Katzenberg, 
MD, Richard McCarty, MD, Caroline Furman, RN, Virginia 
Moeller, RN, Julie Brandt, RN, MS, Edwin R. Holcomb, 
LPN, Deborah Carroll, RN. Washington Hospital Center 
(Washington, DC)—Lucy Van Voorhees, MD, Angela Silver- 
man, RN, MS. 

Biostatistics Subcommittee: Charles L. Odoroff, PhD 
(chairperson), Eric Carleen, MA, Joseph L. Fleiss, PhD, J. 
Philip Miller, Thomas Moon, PhD, David Oakes, PhD, Linda 
Rolnitzky, MS, Terry Therneau, PhD. 

End-Point Review Subcommittees: MORTALITY REVIEW 
SUBCOMMITTEE—Frank Marcus, MD (chairperson), Leonard 
Cobb, MD, Jesse Edwards, MD, Lewis Kuller, MD. 

Nonfatal Reinfarction Review Subcommittee: Robert 
Kohn, MD (chairperson), David Dean, MD, Avery Ellis, MD. 

Nursing Research Subcommittee: Catherine Alteri, 
RN, MS (cochairperson), Mary Brown, RN, MS (cochairper- 
son), Judith Doherty, RN, MS, Angela Silverman, RN, MS, 
Robert Stanyon, RN, MS. 

Safety Monitoring Subcommittee: William M. War- 
dell, MD, PhD (chairperson, February 1, 1983-November 30, 
1983), Michael Weintraub, MD (chairperson December 1, 
1983-June 30, 1987), Ruben Gabriel, PhD (February 1, 1983- 
September 1, 1983), W. Jackson Hall, PhD (September 1, 
1983-June 30, 1987), William B. Hood, Jr., MD (February 1, 
1983-June 30, 1987). 

Scientific Subcommittee: Arthur J. Moss, MD (chair- 
person), J. Thomas Bigger, Jr., MD, Joseph L. Fleiss, PhD, 
Charles L. Odoroff, PhD. 


Coordination and Data Center: University of Rochester 
Medical Center—Robert Annechiarico (head), Mark An- 
drews, Mary Brown, MS, Eric Carleen, MA, Nancy Kellogg, 
Anita Oberer, Deborah Ramsell, Frances Schillaci. 

Data Analysis Center: Division of Biostatistics, Univer- 
sity of Rochester School of Medicine and Dentistry— Charles 
L. Odoroff, PhD (chairperson), David Oakes, PhD (cochairper- 
son), Shirley Eberly, MS, Amita Manatunga, MA, Michael 
McDermott, MA, Sandra Plumb-Scanlon, Lori Yorkey. 

ECG Reading Center: Roosevelt Hospital, New York— 
Edward M. Dwyer, Jr., MD, Henry Greenberg, MD. 

Holter Analysis Center: Arrhythmia Control Unit, Col- 
lege of Physicians and Surgeons, Columbia University, New 
York—J. Thomas Bigger, Jr., MD, James Coromilas, MD. 

Drug Distribution Center: Marion Laboratories, Inc., 
Kansas City, Missouri. 

Central Diltiazem Laboratory: Marion Laboratories, 
Inc., Kansas City, Missouri. 

Lipid-Analysis Laboratory: Miriam Hospital, Provi- 
dence, Rhode Island—William E. Boden, MD, Ann Saritelli. 

International Advisory Board: John Schroeder, MD 
(chairperson), United States; Michel E. Bertrand, MD, France; 
Martial Bourassa, MD, Canada; Sergio Erill, MD, Spain; Paul 
G. Hugenholtz, MD, Holland; Desmond G. Julian, MD, En- 
gland; Hansjoerg Just, MD, Germany; Chuichi Kawai, MD, 
Japan; David Kelly, MD, Australia; Henri E. Kulbertus, MD, 
Belgium; Robert Roberts, MD, United States, Michael Rubi- 
son, PhD (Marion Laboratories), United States; Nariaki Su- 
giura, PhD, Japan; John Whitehead, PhD, England. 

Policy and Data Monitoring Board: Bradley Efron, 
PhD, Herbert J. Levine, MD, Roger Winkle, MD, Raymond L. 
Woosley, MD, PhD. 
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"The antihypertensive effect may diminish at the end of the dosing interval. 
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ZESTRIL 


over time controls BP 


* Multicenter, double-blind study over 4-8 weeks with 70 patients with mild-to-moderate hypertension. Agents were titrated every 2 weeks according to office diastolic blood pressure (DBP) 
response. Ambulatory blood pressure (ABP) monitoring was performed at baseline and after 4 weeks at each patient's effective dose or after 2 weeks on the maximum dose. 
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better than captopril 


Twenty percent more patients responded to therapy with ZESTRIL 
(33/35) than with captopril (26/35; P < .05) by office BP measurement'' 


ZESTRIL: better than b.i.d. captopril 
for 24-hour$ control of blood pressure’ 


Once-daily ZESTRIL 10-40 mg proven superior to b.i.d. captopril 
25-100 mg in 24-hour BP control, with twofold greater differences in 
area under the curve (AUC) measurements’ 


Two troughs in drug effect seen with b.i.d. captopril in 24 hours' 


Better sustained control shown 
With 24-hour ambulatory BP monitoring ' 


— — — — Baseline ZESTRIL 


Final 
- -= Baseline Captopril 
* Final Captopril 


Diastolic BP (mm 


AUC = baseline — final 
| arm Captopril AUC = baseline — final 
| 


10 12 
Time (hours) 
— adapted from Whelton et al, Tables 8A and 8B' 

tPredetermined goal of therapy was to reduce office DBP to <90 mm Hg, or by 

=10mm Hg. 
*The long-term prognostic significance of blood pressure control determined by 

ABP monitoring has yet to be confirmed. 
§The antihypertensive effect may diminish at the end of the dosing interval. 


Please see last page of this advertisement for brief summary of prescribing 
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d over time 


easy to live with 
week after week 


ZESTRIL has a low incidence of side effects, can be taken without regard to 
meals? and patients start and stay with once-daily dosing" 


ZESTRIL and other ACE inhibitors 


Low 
Can be incidence 
taken (<2%) of 
without Absorbed rash or 
Dosing regard to as the taste 
frequency active drug disturbance 


LISINOPRII=STUART 


Enalapril“ 


Captopril” 


Evaluation of the hypertensive patient should always include assessment of renal function (see Dosage and Administration). 


Angioedema has been reported with ACE inhibitors, including Zestril (see Warnings). 
*The antihypertensive effect may diminish at the end of the dosing interval. 


REFERENCES: 1. Whelton A, Miller WE, Dunne B Jr, Hait HI, Tresznewsky ON. Comparison of 
once-daily lisinopril with twice-daily captopril in the treatment of mild to moderate hypertension 
assessment of office and ambulatory blood pressures. Submitted for publication. 2. Mojaverian P, 
Rocci ML Jr, Vlasses PH, Hoholick d Clementi RA, Ferguson RK. Effect of food on the bioavailability 
of lisinopril, a nonsulfhydryl angiotensin-converting enzyme inhibitor. J Pharm Sci. 1986;75:395-397. 
3. Physicians' Desk Reference. 43rd ed. Oradell, NJ: Medical Economics Co; 1989; Zestril® (lisinopril): 
2124-2127. 4. Physicians' Desk Reference. 43rd ed. Oradell, NJ: Medical Economics Co; 1989; 
Vasotec® (enalapril maleate, MSD): 1406-1410. 5. Physicians’ Desk Reference. 43rd ed. Oradell, NJ: 
Medical Economics Co; 1989; Capoten® (captopril): 2080-2082. 6. Heel RC, Brogden RN, 

Speight TM, Avery GS. Captopril: a preliminary review of its pharmacological properties and 
therapeutic efficacy. Drugs. 1980;20:409-452. 
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ZESTRIL® (lisinopril) 


INDICATIONS AND USAGE. ZESTRIL is indicated for the treatment of hypertension. It may be used alone as initial 
therapy or re dn with other classes of antihypertensive agents. In using ZESTRIL, consideration should be 
given to the fact that another angiotensin converting enzyme inhibitor, captopril, has caused agranulocytosis, particularly 
In patients with renal impairment or collagen vascular disease, and that available data are insufficient to show that 
ZESTRIL does not have a similar risk. (See WARNINGS.) CONTRAINDICATIONS. ZEST RIL is contraindicated in patients 
who are hypersensitive to this product rere with a history of angioedema related to previous treatment with 
an angiotensin converting enzyme inhibitor. NINGS. : Angioedema of the face, extremities, lips, tongue, 
e and/or larynx has been reported in patients treated with angiotensin converting enzyme inhibitors, inclu ing 
ESTRIL. In such cases, ZESTRIL should be promptly discontinued, and the patient carefully observed until the swelling 
disappears. In instances where swelling has been confined to the face and lips the condition has generally resolved 
without treatment, although antihistamines have been useful in relieving symptoms. Angioedema associated with 
laryngeal edema may be fatal. Where there is involvement of the tongue, 2 or larynx, likely to cause airway 
n, appro; enr j^ posce epinephrine solution 1:1000 (0.3 mL to 0.5 mL) Id be promptly 
administered. (See ADVE ONS.) Hypotension: Excessive norem was rarely seen in uncomplicated 
hypertensive patients but is a possible consequence of use with ZESTRIL in salt/volume-depleted persons, such as 
those treated vigorously with diuretics or patients on dialysis. (See PRECAUTIONS, Drug Interactions and ADVERSE 
REACTIONS.) In patients with severe congestive heart failure, with or without associated renal insufficiency, excessive 
hypotension has been observed and may be associated with oliguria and/or progressive azotemia, and rarely with 
acute renal failure and/or death. Because of the potential fall in blood pressure in these patients, therapy should be 
Started under very close medical supervision. Such patients should be followed closely for the first two weeks of treatment 
and whenever the dose of ZESTRIL and/or diuretic is increased. Similar considerations apply to patients with ischemic 
heart or cerebrovascular disease in whom an excessive fall in blood pressure could result in a myocardial infarction 
or cerebrovascular accident. If hypotension occurs, the patient should be placed in supine position and, if necessary, 
receive an intravenous infusion of normal saline. A transient hypotensive response is not a contraindication to further 
doses which usually can be given without difficulty once the blood pressure has increased after volume expansion. 
Neutropenia/Agranulocytosis: Another angiotensin converting enzyme inhibitor, captopril, has been shown to cause 
agranulocytosis and bone marrow depression, rarely in uncomplicated patients but more frequently in patients with 
renal impairment especially if they also have a collagen vascular disease. Available data from clinical trials of ZESTRIL 
are insufficient to show that ZESTRIL does not cause agranulocytosis at similar rates. Periodic monitoring of white 
blood cell counts in patients with collagen vascular disease and renal disease should be considered. PRECAUTIONS. 
neral. Impaired Renal Function: As a consequence of inhibiting the renin-angiotensin-aldosterone system, changes 

in renal function may be anticipated in susceptible individuals. In patients with severe congestive heart failure whose 
renal function may depend on the activity of the renin-angiotensin-aldosterone system, treatment with angiotensin 
converting enzyme inhibitors, including ZESTRIL, may be associated with oliguria and/or progressive azotemia and 
rarely with acute renal failure and/or death. In hypertensive patients with unilateral or bilateral renal artery stenosis, 
increases in blood urea nitrogen and serum creatinine may occur. Experience with another es converting 
enzyme inhibitor suggests that these increases are usually reversible upon discontinuation of ZESTRIL and/or diuretic 
therapy. In such patients, renal function should be monitored during the first few weeks of therapy. Some hypertensive 
patients with no apparent pre-existing renal vascular disease have developed increases in blood urea nitrogen and 
serum creatinine, usually minor and transient, especially when ZESTRIL has been given concomitantly with a diuretic. 
This is more likely to occur in patients with pre-existing renal impairment. Dosage reduction of ZESTRIL and/or discon- 


tinuation of the diuretic may be required. Evaluation of the nsive patient should al include assessment 
of renal function. (See DOSAGE AND ADMINISTRATION.) ia: In clinical trials emia (serum potassium 
greater than 5.7 mEq/L) occurred in approximately 2.296 of pertensive patients and 4.096 of patients with congestive 


heart failure. In most cases these were isolated values which resolved despite continued therapy. Hyperkalemia was 
à Cause of discontinuation of therapy in approximately 0.196 of hypertensive patients. Risk factors for the development 
of hyperkalemia include renal insufficiency, diabetes mellitus, and the concomitant use of potassium-sparing diuretics, 
pem supplements and/or potassium-containing salt substitutes, which should be used cautiously, if at all, with 

ESTRIL. (See Drug Interactions.) $ Totem In patients undergoing major surgery or during anesthesia 
with agents that produce hypotension, ZESTRIL may block angiotensin Il formation secondary to compensatory renin 
release. If hypotension occurs and is considered to be due to this mechanism, it can be corrected by volume expansion. 
Information for Patients. Angioedema: Angioedema, including laryngeal edema, may occur especially following the 
first dose of ZESTRIL. Patients should be so advised and told to report immediately any signs or symptoms suggesting 
angioedema (swelling of face, extremities, eyes, lips, tongue, difficulty in swallowing or breathing) and to take no more 
drug until they have consulted with the prescribing physician. nsion: Patients should be cautioned 
to report lightheadedness especially during the first few days of therapy. If actual syncope occurs, the patient should 
be told to discontinue the drug until they have consulted with the prescribing physician. All patients should be cautioned 
that excessive perspiration and dehydration may lead to an excessive fall in blood pressure because of reduction in 
fluid volume. Other causes of volume depletion such as vomiting or diarrhea may also lead to a fall in blood pressure; 
Datients should be advised to consult with their physician. Hyperkalemia: Patients should be told not to use salt sub- 
stitutes containing potassium without consulting their physician. Neutropenia: Patients should be told to report promptly 
any indication of infection (eg, sore throat, fever) which may be a sign of neutropenia. NOTE: As with many other drugs, 
certain advice to patients being treated with ZESTRIL is warranted. This information is intended to aid in the safe and 
effective use of this medication. It is not a disclosure of all possible adverse or intended effects. DRUG INTERACTIONS. 
Hypotension — Patients on Diuretic Therapy: Patients on diuretics and especially those in whom diuretic therapy was 
Seny instituted, may occasionally experience an excessive reduction of blood pressure after initiation of t erapy 
with ZESTRIL. The possibility of hypotensive effects with ZESTRIL can be minimized by either discontinuing the diuretic 
or increasing the salt intake prior to initiation of treatment with ZESTRIL. If it is necessary to continue the diuretic, 
initiate therapy with ZESTRIL at a dose of 5 mg daily, and provide close medical supervision after the initial dose for 
at least two hours and until blood pressure has stabilized for at least an additional hour. (See WARNINGS, and DOSAGE 
AND ADMINISTRATION.) When a diuretic is added to the therapy of a patient receiving ZESTRIL, an additional antihyper- 
tensive effect is usually observed. Studies with ACE inhibitors in combination with diuretics indicate that the dose 
of the ACE inhibitor can be reduced when it is given with a diuretic. (See DOSAGE AND ADMINISTRATION Piece end 
In a study in 36 patients with mild to moderate hypertension where the antihypertensive effects of ZESTRIL alone Were 
compared to ZESTRIL given concomitantly with indomethacin, the use of in omethacin was associated with a reduced 
effect, although the difference between the two regimens was not significant. Other Agents: ZESTRIL has been used 
concomitantly with nitrates and/or digoxin without evidence of Clinically significant adverse interactions. No clinically 
important pharmacokinetic interactions occurred when ZESTRIL was used concomitantly with propranolol or hydro- 
chlorothiazide. The prasence of food in the stomach does not alter the bioavailability of ZESTRIL. Agents Increasing 
Serum Potassium: ZESTRIL attenuates potassium loss caused by thiazide-type diuretics. Use of ZESTRIL with potassium- 
sparing diuretics (eg, spironolactone, triamterene or amiloride), potassium supplements, or potassium-containing salt 
Substitutes may lead to significant increases in serum potassium. Therefore, if concomitant use of these agents is indi- 
cated because of demonstrated hypokalemia, they should be used with caution and with frequent monitoring of serum 
potassium. Lithium: Lithium toxicity has been reported in patients receiving lithium with drugs which cause elimination 
of sodium, including ACE inhibitors. Lithium toxicity was eer reversible upon discontinuation of both drugs. It is 
recommended that serum lithium levels be monitored sk ela ZESTRIL is administered concomitantly with lithium. 
Carcinogenesis, Mutagenesis, Impairment of Fertility. There was no evidence of a tumorigenic effect when lisinopril 
was administered for 105 weeks to male and female rats at doses up to 90 mg/kg/day (about 56 times* the maximum 
recommended daily human dose) or when lisinopril was administered for 92 weeks to (male and female) mice at doses 
up to 135 mg/kg/day (about 84 times* the maximum recommended daily human dose). *Based on patient weight 
of 50 kg. Lisinopril was not mutagenic in the Ames microbial mutagen test with or without metabolic activation. It 
was also negative in a forward mutation assay using Chinese hamster lung cells. Lisinopril did not produce single strand 
DNA breaks in an in vitro alkaline elution rat hepatocyte assay. In addition, lisinopril did not produce increases in 
chromosomal aberrations in an in vitro test in Chinese hamster ovary cells or in an in vivo study in mouse bone mar- 
row. There were no adverse effects on reproductive performance in male and female rats treated with up to 300 mg/kg/day 
of lisinopril. nancy. Pregnancy Category C: Lisinopril was not teratogenic in mice treated on days 6-15 of gestation 
with up to 1,000 mg/kg/day (625 times the maximum recommended human d There was an increase in fetal 
resorptions at doses down to 100 mg/kg; at doses of 1,000 mg/kg this was prevented by saline supplementation. There 
was no fetotoxicity or teratogenicity in rats treated with up to 300 mg/kg/day (188 times the maximum recommended 
dose) of lisinopril at days 6-17 of gestation. In rats receiving lisinopril from day 15 of gestation through day 21 post- 
partum, there was an increased incidence in pup deaths on days 2-7 postpartum and a lower average body weight 
of pups on day 21 postpartum. The increase in pup deaths and decrease in pup weight did not occur with maternal 
Saline supplementation. Lisinopril, at doses up to 1 mg/kg/day, was not teratogenic when given throughout the organ- 
ogenic period in saline supplemented rabbits. Saline supplementation (physiologic saline in place of tap water) was 
used to eliminate maternotoxic effects and enable evaluation of the teratogenic potential at the highest possible dosage 
level. The rabbit has been shown to be extremely sensitive to angiotensin converting enzyme inhibitors (captopril and 
enalapril) with maternal and fetotoxic effects apparent at or below the recommended therapeutic dosage levels in man. 
Fetotoxicity was demonstrated in rabbits by an increased incidence of fetal resorptions at an oral dose of lisinopril 
of 1 mg/kg/day and by an increased incidence of incomplete ossification at the lowest dose tested (0.1 mg/kg/day). 
A single intravenous dose of 15 mg/kg of lisinopril administered to pregnant rabbits on gestation days 16, 21 or 26 
resulted in 88% to 100% fetal death. By whole body autoradiography, radioactivity was found in the placenta following 
administration of labeled lisinopril to pregnant rats, but none was found in the fetuses. Human Experience: There 
are no adequate and well-controlled studies of lisinopril in pregnant women. However, data are available that show drugs 
of this class cross the human placenta. Because the risk of fetal toxicity with the use the ACE inhibitors has not been 
Clearly defined (see below), lisinopril should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. Postmarketing experience with all ACE inhibitors thus far suggests the following with regard to pregnancy 
outcome. Inadvertent exposure limited to the first trimester of pregnancy has not been reported to affect fetal outcome 
adversely. Fetal exposure during the second and third trimesters of pregnancy has been associated with fetal and neonatal 
morbidity and mortality. When ACE inhibitors are used during the later stages of pregnancy, there have been reports 
of hypotension and decreased renal a in the newborn. Oligohydramnios in the mother has also been reported, 
presumably representing decreased renal function in the fetus. Infants exposed in utero to ACE inhibitors should be 
Closely observed for hypotension, oliguria and hyperkalemia. If oliguria occurs, attention should be directed toward 





ZESTRIL* (lisinopril) 


Support of blood pressure and renal perfusion with the administration of fluids and pressores as appropriate. Problems 
associated with prematurity such as patent ductus arteriosus have occurred in association with maternal use of ACE 
inhibitors, but itis not clear whether they are related to ACE inhibition, maternal hypertension or the underlying prematurity. 
Another ACE inhibitor, enalapril, has been removed from the neonatal circulation by peritoneal dialysis an theoretically 
my be removed by pea transfusion, although there is no experience with the latter procedure. There is no experience 
with either of these procedures for removing lisinopril or other ACE inhibitors from the neonatal circulation. Nursing 
Mothers: Milk of lactating rats contains radioactivity following administration of “C lisinopril. It is not known whether 
this drug is excreted in human milk. Because many drugs are excreted in human milk, caution should be exercised 
when ZESTRIL is given to a nursing mother. Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS. ZESTRIL has been found to be generally well tolerated in controlled clinical trials involvi 

2003 patients and subjects. The most frequent clinical adverse experiences in controlled trials with ZESTRIL were di 


ness (6.3%), headache (5.3%), fatigue (3.3%), diarrhea (3.2%), upper respiratory symptoms (3.0%), and cough 2.9%), l 
m | 


all of which were more frequent than in placebo-treated patients. For the most part, adverse experiences were 

and transient in nature. Discontinuation of therapy was required in 6.096 of patients. In clinical trials, the overall frequency 
of adverse experiences could not be related to total dail our within the recommended therapeutic dosa ie. 
For adverse experiences which occurred in more than 1 of patients and subjects treated with ZESTRIL Or ZESTRIL p 
hydrochlorothiazide in controlled clinical trials, comparative incidence data are listed in the table below. 


Percent of Patients in Controlled Studies 

















ZESTRIL ZESTRIL/Hydrochlorothiazide 

(n = 20031) n = 644) Placebo 

Incidence ncidence n=2 

(discontinuation) (discontinuation) 

Dizziness 6.3 (0.6 9.0 (0.9 i 
Headache 5.3 (0.2 4.3 (0.5 1.9 
Fatigue 3.3 (0.2 3.9 s 1.0 
Diarrhea 3.2 (0.3 2.6 (0.3 2.4 
Upper Respiratory Symptoms 3.0 (0.0) 4.5 (0.0) 0.0 
Cough 2.9 (0.4 4.5 E: 1.0 
Nausea 2.3 (0.3 2.5 (0.2 24 
Hypotension 1.8 (0.8 1.6 (02 0.5 
Rash 1.5 (0.4 1.6 03 0.5 
Orthostatic Effects 1.4 (0.0 3.4 (0.2 1.0 
Asthenia 1.3 (0.4) 2.0 (0.2) 1.0 
Chest Pain 1.3 (0.1) 1.2 00] 1.4 
Vomiting 1.3 (0.2) 1.4 (0.0 0.5 
Dyspnea 1.1 (0.0 0.5 (0.2) 1.4 
Dyspepsia 1.0 (0.0 1.9 02) 0.0 
Paresthesia 0.8 (0.0 2.0 (0.2 0.0 
Impotence 0.7 (0.2 1.6 (0.3) 0.0 
Muscle Cramps 0.6 (0.0 2.8 (0.6) 0.5 
Back Pain 0.5 (0.0 1.1 (0.0) 1.4 
Nasal Congestion 0.3 (0.0 1.2 (0.0) 0.0 
Decreased Libido 0.2 (0.1 1.2 (0.0) 0.0 
Vertigo 0.1 (0.0) 1.1 (0.2) 0.0 





Tincludes 420 patients treated for congestive heart failure who were receiving concomitant digitalis and/or diuretic therapy. 


Clinical adverse experiences occurring in 0.3% to 1.0% of patients in the controlled trials and rarer, serious, ossibly 
drug related events reported in uncontrolled studies or ma ting experience included: BODY AS A WHOLE: Chest dis- 
comfort, fever, flushing. CARDIOVASCULAR: tt gh pectoris, orthostatic hypotension, rhythm disturbances, ta 
cardia, peripheral edema, palpitation. DIGESTIVE: Abdominal pain, anorexia, constipation, flatulence. METABOLISM: 
Gout. MUSCULOSKELETAL: Joint pain, shoulder pain. NERVOUS SYSTEM/PSYCHIATRIC: Depression, somnolence, 
insomnia, stroke. RESPIRATORY SYSTEM: Bronchitis, sinusitis, pharyngeal pain. UROGENITAL: Oliguria, a opr 
azotemia, acute renal failure. OTHER: Blurred vision, pruritus, urinary tract infection, vasculitis of the legs. ANGIOEDEMA: 
Angioedema has been reported in patients receiving ZESTRIL (0.1%). Angioedema associated with laryngeal edema 
may be fatal. If angioedema of the face, extremities, lips, tongue, glottis and/or larynx occurs, treatment with ZESTRIL 
should be discontinued and appropriate leaps instituted immediately. (See WARNINGS.) HYPOTENSION: In hyper- 
tensive patients, hypotension occurred in 1.2% and syncope occurred in 0.1% of patients. Hypotension or syncope 
was a Cause of discontinuation of therapy in 0.5% of hypertensive patients. (See WARNINGS.) In patients with 

heart failure, hypotension occurred in 5.0% and syncope occurred in 1.0% of patients. These adverse experiences 
were Causes for discontinuation of poder in 1.396 of these patients. Clinical Laboratory Test Findings. Serum Electro- - 


lytes: Hyperkalemia. (See PRECAUTIONS.) Creatinine, Blood Urea Nitrogen: Minor increases in blood urea nitrogen — 


and serum creatinine, reversible upon discontinuation of therapy, were observed in about 2.0% of patients with essential 
hypertension treated with ZESTRIL alone. Increases were more common in patients receiving concomitant diuretics 
and in patients with renal artery stenosis. (See PRECAUTIONS.) Reversible minor increases in blood urea nitrogen and 
serum Creatinine were observed in approximately 9.1% of patients with congestive heart failure on concomitant diuretic 
therapy. Frequently, these abnormalities resolved when the dosage of the diuretic was decreased. Hemoglobin and 
Hematocrit: Small decreases in hemoglobin and hematocrit (mean decreases of righ Lene 0.4 g% and 1.3 vol%, 
respectively) occurred frequently in patients treated with ZESTRIL but were rarely of clinical importance in patients 
without some other cause of anemia. In clinical trials, less than 0.1% of patients discontinued therapy due to anemia. 
Other (Causal Relationship Unknown): Rarely, elevations of liver enzymes and/or serum bilirubin have occurred. Over- 
all, 2.0% of patients discontinued pu due to laboratory adverse y wer Hab a heir i in blood urea 
nitrogen (0. wl serum creatinine (0.5%), and serum potassium (0.4%). OVERDOSAGE. The oral LDso of lisinopril 
is greater than 


DOSAGE AND ADMINISTRATION. Initial Therapy: In patients with uncomplicated essential hypertension not on diuretic 
therapy, the recommended initial dose is 10 mg once a day. Dosage should be adjusted according to blood pressure 
response. The usual dosage range is 20-40 mg per day administered in a single ony dose. The antihypertensive effect 
may diminish toward the end of the dosing interval regardless of the administered dose, but most commonly with a 
dose of 10 mg daily. This can be evaluated by measuring blood pressure just prior to dosing to determine whether 
satisfactory control is being maintained for 24 hours. If it is not, an increase in dose should be considered. Doses up to 
80 mg have been used but do not appear to give greater effect. if blood pressure is not controlled with ZESTRIL alone, a 
low dose of a diuretic may be added. Hydrochlorothiazide, 12.5 mg has been shown to provide an additive effect. After 
the addition of a diuretic, it may be possible to reduce the dose of ZESTRIL. Diuretic Treated Patients: In hypertensive 
patients who are aay being treated with a diuretic, symptomatic Vig rei may occur orar following the 
initial dose of ZESTRIL. The diuretic should be discontinued, if pen e, for two to three days before beginning therapy 
with ZESTRIL to reduce the likelihood of hypotension. (See WARNINGS.) The dosage of ZESTRIL should be adjusted 
according to blood pressure response. If the ee lood pressure is not controlled with ZESTRIL alone, diuretic 
therapy may be resumed as described above. If the diuretic cannot be discontinued, an initial dose of 5 mg should be 
used under medical supervision for at least two hours and until blood pressure has stabilized for at least an additional 
hour. (See WARNINGS and PRECAUTIONS, Drug Interactions.) Concomitant administration of ZESTRIL with potassium 
ray Daum Salt substitutes, or potassium-sparing diuretics may lead to increases of serum potassium. 
(See 
Li jl and older patients given similar doses of ZESTRIL. Pharmacokinetic studies, however, indicate that maximum 
lood levels and area under the plasma concentration time curve (AUC) are doubled in older patients so that we da 
justments should be made with particular caution. Dosage Adjustment in Renal Impairment: The usual dose of Z IL 
(10 mg) is recommended for patients with creatinine clearance > 30 mL/min (serum creatinine of up to approximately 
3 mg/dL). For patients with creatinine clearance => 10 mL/min < 30 mL/min (serum creatinine = 3 mg/dL), the first 
dose is 5 mg once daily. For patients with creatinine clearance < 10 mL/min (usually on hemodialysis) the recommended 
initial dose is 2.5 mg. The dosage may be titrated upward until blood pressure is controlled or to a maximum of 40 mg daily. 


Renal Status Creatinine Clearance mL/min Initial Dose mg/day 



















Normal Renal Function to Mild Impairment >30 10 
Moderate to Severe Impairment >10 <30 5 
Dialysis Patients <10 2.5} 






Dosage or dosing interval should be adjusted depending on the blood pressure response. 
Stuart Pharmaceuticals, A business unit of ICI Americas Inc., Wilmington, DE 19897 USA 





0 g/kg in mice and rats. The most likely manifestation of overdosage would be hypotension, for which 
the usual treatment would be intravenous infusion of normal saline solution. Lisinopril can be removed by hemodialysis. — 


ONS.) Use in Elderly: in general, blood pressure response and adverse experiences were similar in - 
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About $3 billion a year is spent on business 
press advertising—yet amazingly little concrete 
evidence has existed to show whether it really 
works. 

Research to actually prove the effectiveness 
of trade and industrial advertising has been 
unconvincing and inconclusive. 

Till now. 


Finally. New research proves business 
press advertising dramatically increases 
sales and profits. 
Its comprehensive. This landmark research 
study took more than three years to complete 
at a cost of over $390,000. 

It's impartial—the study was conducted 
entirely by the independent Advertising 
Research Foundation. 
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Influence of Heart Rate on Mortality After Acute 
Myocardial Infarction 


Ake Hjalmarson, MD, Elizabeth A. Gilpin, MS, John Kjekshus, MD, Gregory Schieman, MD, 
Pascal Nicod, MD, Hartmut Henning, MD, and John Ross, Jr., MD 


Elevated heart rate (HR) during hospitalization and 
after discharge has been predictive of death in 
patients with acute myocardial infarction (AMI), 
but whether this association is Primarily due to 
associated cardiac failure is unknown. The major 
purpose of this study was to characterize in 1,807 
patients with AMI admitted into a multicenter study 
the relation of HR to in-hospital, after discharge 
and total mortality from day 2 to 1 year in patients 
with and without heart failure. HR was examined 
on admission at maximum level in the coronary 
care unit, and at hospital discharge. Both in- 
hospital and postdischarge mortality increased with 
increasing admission HR, and total mortality (day 2 
to 1 year) was 15% for patients with an admission 
HR between 50 and 60 beats/min, 4196 for HR 
790 beats/min and 48% for HR 7110 beats/min. 
Mortality from hospital discharge to 1 year was 
similarly related to maximal HR in the coronary 
care unit and to HR at discharge. In patients with 
severe heart failure (grade 3 or 4 pulmonary con- 
gestion on chest X-ray, or shock), cumulative mor- 
tality was high regardless of the level of admission 
HR (range 61 to 68%). However, in patients with 
pulmonary venous congestion of grade 2, cumula- 
tive mortality for patients with admission HR 290 
beats/min was over twice as high as that in pa- 
tients with admission HR «90 beats/min (39 vs 
18%, respectively); the same trend was evident in 
patients with absent to mild heart failure (mortality 
18 vs 10%, respectively). On multivariate analysis 
HR was independently predictive of 1-year mortali- 
ty. Elevated HR during hospitalization for AMI is 
importantly and independently associated with 
mortality. 

(Am J Cardiol 1990;65:547-553) 


From the Division of Cardiology, University of California, San Diego, 
California; Veterans Administration Hospital, San Diego; the Naval 
Hospital of San Diego; and the Division of Cardiology, University of 
British Columbia, Vancouver, Canada. This study was supported in 


travel grant from the Swedish Medical Research Council and the Swed- 
ish Medical Association. Manuscript received July 21, 1989; revised 
manuscript received and accepted October 26, 1989. 
Address for reprints: John Ross, Jr., MD, Division of Cardiology, 
M-013B, University of California, San Diego, La Jolla, California 
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myocardial infarction (AMI) has generally been 
considered to be a marker of depressed left ven- 
tricular function, reflecting the severity of myocardial 
damage. Studies from our database and others have de- 


E» heart rate (HR) in patients after acute 


eral trials on the use of B blockers after AMI have 
demonstrated a relation between the degree of HR re- 
duction and improved survival 6-10 

The major purpose of the present study was to char- 
acterize in a large population the relations between lev- 
els of HR at hospital admission, during the coronary 
care unit stay and at discharge to mortality in the hospi- 
tal and up to 1 year after AMI. In addition, we ana- 
lyzed the influence of the degree of heart failure on 
these relations. 


METHODS 

Patients: The study Population consisted of 1,807 
patients of all ages (63 + 12 years, mean + standard 
deviation) with AMI admitted to the hospital within 24 
hours of onset of symptoms and surviving the first hos- 
pital day to certify the diagnosis. Of these, 1,585 pa- 
tients were discharged and followed for at least 3 
months (1,410 were followed for 1 year). 

The diagnosis of AMI was established by at least 2 
of the following criteria: (1) characteristic chest pain; 
(2) electrocardiographic evolution of Q waves (trans- 
mural infarction); and (3) elevation of total serum cre- 
atine kinase. Diagnosis of non-Q-wave infarction re- 
quired both typical ST-segment and T-wave changes on 
the electrocardiogram and elevation of serum creatine 
kinase. The mean hospital stay was 14 + 7 (standard 
deviation) days. 

Data concerning these patients were available in a 
database maintained by the Specialized Center of Re- 
search on Ischemic Heart Disease at the University of 
California at San Diego. The patients were recruited 
from 1979 to 1984 from the University of California 
San Diego Medical Center, the San Diego Veterans 
Administration Hospital, the United States Naval Hos- 
pital in San Diego and the Vancouver General Hospital, 
Vancouver, British Columbia, Canada. The recruitment 
period was before the widespread use of thrombolytic 
therapy. 

Follow-up: Patients were followed by telephone at 3, 
6 and 12 months after hospital discharge. At the time of 
this analysis 175 patients were not yet eligible for 1-year 
follow-up. In those eligible, 1-year follow-up was 99% 
complete. Information regarding death was obtained 
from death certificates, hospital records or telephone in- 
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TABLE I Distribution of Various Patient Subset 
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* Any of those listed in Methods; ! see Methods for definition. 








min and 1 «70 versus 70 — 89 beats /min, respectively. 


















terviews with the personal physician or family members. 
All-cause mortality (400 deaths) is reported in this 
study, and 92% were of cardiac origin (arrhythmia, ex- 
tension of AMI, shock, congestive heart failure, new 
AMI, other cardiac death [such as death during bypass 
surgery] and sudden death presumed cardiac). Re- 
infarction was defined during rehospitali 


scribed for the initial infarction. 


Clinical and laboratory variables: Methods of data 
acquisition and definitions of variables have been re- 
ported previously in detail.!:!!-13 Data were ob 
from the history, physical examination, laboratory 
findings, electrocardiogram and radiography. 
variables included age, gender, previous AMI, conges- 
tive heart failure, angina pectoris, chronic obstructive 
pulmonary disease, systemic hypertension and 
treatment with digitalis or 6 blockers. Clinical variables 
‘ncluded HR and systolic blood pressure on admission, 
the maximal values observed in the coronary care unit 
and the values recorded at the discharge physical exam- 
ination. Admission HR was obtained within 2 hours af- 
ter the patients were settled in the coronary care unit. 

Arrhythmias analyzed during the coronary care unit 
stay were ventricular premature complexes (>6 beats / 
min), ventricular tachycardia (>3 consecutive beats), 
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No. 1,807 
Age (yrs) 63+1 
Male sex (%) 75 X2 
History (96) 
AMI 3142 
Angina 4142 
CHF 1342 
Hypertension 44+2 
COPD 15+2 
None of above 2642 
Previous medication (%) 
Digitalis 1542 
B blocker 2242 
Coronary care unit medications (%) 
Digitalis 3342 
B blocker 38 X2 
Arrhythmias* (76) 5542 
Location of infarct (76) 
Inferior-posterior 3342 
Anterior-lateral 3442 
Non-Q 21+2 
Heart failure markers (%) 
$3 45+2 
Basilar rales 6442 
Rales above scapulae 1412 
CK peak (IU /1) 823 + 53 
BUN (mg/ 100 ml) 23 X1 
LVEF (n = 846) 0.48 +0.01 
CTR (n = 1,053) 0.49 +0.01 
Heart failure category! (76) 
Absent to mild 75 x2 
Moderate 1442 
Severe 11+1 


Plus or minus = 95% confidence limits for each percentage and mean value. 


AMI = acute myocardial infarction; BUN = blood urea nitrogen; CHF = congestive heart failure; CK 
cardiothoracic ratio; HR = heart rate; LVEF = left ventricular ejection fraction. 
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9+28 
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22 4 15 


0.49 + 0.015 
0.49 + 0.01 


= creatine kinase; COPD 
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39 + 4+ 
47 + 4+ 
23 + 4 
46+4 
20 + 3* 
20 x3! 


2334: 
17 x3! 


50 + 4t 
25 x4 
77 € 1* 


26 + 4t 
40 + 4* 
2314 


61+ 4+ 
72+ 4 
29 + 4 
839 + 60 
26 + 1* 


0.45 + 0.02* 
0.49 + 0.01 


58 + 4 
18 + 3? 
24 + 43 


r* <70 versus 290 beats/min, § 70 — 89 versus 290 beats / 


ventricular fibrillation, atrial flutter or fibrillation, or T 
nus tachycardia (persistent rate 7100 beats/min). 
ts (736 followed 1 year), 


measured near 





Heart failure: The maximal degree of pulmonary ve- 
nous congestion for all available radiographs during the 
hospital admission was used to classify patients with re- 
spect to heart failure. X-rays were graded as 0 = no 


pulmonary congestion; 1 = redistribution of pulmonary 
blood flow; 2 = interstitia] pulmonary edema; 3 = local- 
ized alveolar edema; and 4 — diffuse alveolar edema.!4 
For this analysis, patients with grades 0 or 1 were cate- 
Borized as absent to mild heart failure. Those with 
grade 2 were classified as moderate heart failure, and 
those with grades 3 or 4 as severe heart failure. Patients 
with either cardiogenic shock or clinical shock were 
grouped in the severe heart failure group regardless of 
X-ray grade. 

Statistical methods: Ninety-five percent confidence 
limits are given for subgroup means and proportions. In 
some instances a chi-square statistic or unpaired f¢ test 
was used to compare subgroup characteristics. The step- 
wise Cox regression model available in the BMDP sta- 
tistical software package!> was used to evaluate the in- 
dependent importance of HR to mortality within 1 year 
after adjusting for heart failure and other variables. 
Fourteen variables were included in the model that had 
proved significant in previous multivariate analyses in 
this database. Separate analyses were performed for 
mortality from day 2 to 1 year and for mortality after 
hospital discharge to 1 year. The Wald statistic, which 
compares the improvement in the fit of a model with 
and without a given factor, was computed for the HR 
variables, 


RESULTS 

Clinical characteristics in heart rate subgroups: Ta- 
ble I lists the clinical characteristics for subgroups based 
on level of admission HR; 95% confidence intervals are 
given for all means and percentages. Compared to the 
other HR subgroups, patients with admission HR >90 
beats/min were slightly older, had a higher incidence of 
most historical factors associated with poor prognosis, 
were more often treated with digitalis and less often 
with 6 blockers and had a higher incidence of arrhyth- 
mias. More patients with admission HR <70 beats/min 
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FIGURE 1. Mortality with different heart 5 
rate on hospital admission. Solid line 
shows total from day 2 through L 
1 year, dashed line in-hospital mortality I 
and dash-dot line mortality from dis- T 
charge to 1 year Y 
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respectively), whereas this 
trend was reversed for patients with admission HR 290 


About 80% of patients with admission HR «90 
beats/min had absent to mild heart failure, and only 5 
to 776 had severe heart failure, whereas 5895 of the pa- 
tients with admission HR >90 beats/min had absent to 
mild heart failure and 24% had severe heart failure. 

When similar groupings were made according to the 
maximal HR recorded in the coronary care unit, or the 
HR observed at the discharge physical examination, the 
same patterns observed in Table I were apparent (data 
not shown). 

Outcome related to heart rate: MORTALITY: Figure ] 
shows the total mortality (from day 2 to 1 year) related 
to each decile of admission HR. Total mortality was 
1576 for patients with an admission HR between 50 and 
69 beats/min and increased progressively with elevated 
admission HR, showing a sharp increase to in excess of 
30% at 90 beats/min, and reaching 48% at 2110 beats/ 
min. Both in-hospital and postdischarge mortality 
were increased with elevated admission HR (Figure 1). 
There was a trend toward an increased postdischarge 
mortality when admission HR was «50 beats/min, al- 
though this trend was not Statistically significant. 

Mortality from hospital discharge to 1 year was also 
related to maximal HR in the coronary care unit (Fig- 
ure 2) and to HR at discharge (Figure 2); the trends 
were similar to those observed for admission HR (Fig- 
ure 1), with the exception that both showed a protective 
tendency at an HR «50 beats/min (Figure 2). 

REINFARCTION: No association was evident between 
nonfatal reinfarction after hospital discharge to | year 
and admission HR (Figure 3). Likewise, there was no 
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TABLE Il Results of Multivariate Analyses 















Adjusted 


Variables Chi-Square 





Total Mortality 
Forced 






























Heart failure 86.1 
Age (yrs) 55.7 
Maximum BUN (mg/dl) 40.5 
Maximum CK (IU /liter) 7.2 
History of previous AMI 3.6 
History of congestive heart failure 3.3 
Entered 
Initial HR (beats/min) 13:9 
Initial systolic BP (mm Hg) 11.2 
Ventricular tachycardia 5.8 
History of COPD 7.8 
Ventricular fibrillation 5.0 
History of angina 4.3 
Mortality from discharge to 1 year 
Forced 
Age (yrs) 12.9 
Maximum BUN (mg/dl) 9.6 
History of previous AMI 8.1 
Heart failure 6.3 
History of congestive heart failure 3.0 
Maximum CK (IU /liter) 0.0 
X Entered 
Digitalis at discharge 10.6 
Initial HR (beats /min) 16.4 
S3 gallop at discharge 10.9 
Initial systolic BP (mm Hg) 4.1 












AMI = acute myocardial infarction; BP = blood pressure, B 


significant relation between admission HR and total 
(fatal + nonfatal) reinfarction (Figure 3). Reinfarction 
tended to be fatal more often in patients with admission 
HR 290 beats/min. The trends were similar when 
maximal HR in the coronary care unit or HR at dis- 
charge were analyzed. 

HEART FAILURE: The trend for increased mortality 
with increasing HR appeared most pronounced in pa- 
tients with absent to mild or moderate heart failure 
(Figure 4). Total mortality for patients with admission 
HR 290 beats/min and absent to mild heart failure 
was 25%, compared to 10% (p <0.001) for patients with 
admission HR «90 beats/min. In a separate analysis of 
patients in this subgroup with grade 0 chest x-ray, no S3 
gallop and no rales, ortality was 7% for patients with 
an initial HR «90 beats/min compared to 18% for 
those with a HR 290 beats/ min, p <0.016. In patients 
with moderate heart failure, total mortality was higher 
in those with admission HR 290 beats /min (43%) than 
in those with admission HR «70 beats/min (17%) (p 
<0.01) and not significantly different for those with ad- 
mission HR from 70 to 89 beats/min. In contrast, in 
patients with severe heart failure, the high total mortali- 
ty for the subset with admission HR 290 beats/min 
(68%) was not different from that in the other 2 groups 
(61%) and no influence of HR was evident (Figure 4). 

BETA BLOCKERS: Patients with absent to mild heart 
failure were analyzed with respect to the use of £ 
blockers either before admission or in the coronary care 
unit (Figure 5). Again, total mortality was higher for 
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UN = blood urea nitrogen; CK = creatine kinase; COPD = chronic obstructive pulm 







Improvement 
to Global 


Chi-Square p Value 


<0.0001 

<0.0001 

<0.0001 
0.0073 
0.0565 
0.0712 
0.0004 14.5 0.0001 
0.0008 12.5 0.0004 
0.0055 7.6 0.0060 
0.0040 7.4 0.0065 
0.0103 4.9 0.0272 
0.0382 4.3 0.0382 
0.0003 
0.0020 
0.0045 
0.0121 
0.0831 
0.9697 
0.0015 20.6 «0.0001 
0.0001 13.8 0.0002 
0.0010 10.8 0.0010 
0.0439 4.1 0.0439 






onary disease; HR = heart rate. 


patients with admission HR £90 beats/min than for 
patients with lower admission HR regardless of whether 
the patients were taking 8 blockers. 

Multivariate analysis: Cumulative mortality from 
day 2 to 1 year was related to variables from the 
history and clinical course using Cox regression analysis 
to identify independent predictors of l-year mortality. 
Known prognostic factors such as age, history of previ- 
ous AMI, history of congestive heart failure, use of 8 
blockers before or during the hospitalization, maximal 
creatine kinase, blood urea nitrogen, anterior location of 
AMI and the categorical heart failure variable were 
forced into the model to adjust for their effect before 
others, including admission HR (treated as a continuous 
variable), were allowed to enter (Table II). Admission 
HR entered the model, and it was fourth in rank ac- 
cording to its adjusted chi-square value (p <0.0004), 
behind degree of heart failure during admission, age 
and maximal blood urea nitrogen. HR significantly im- 
proved the global chi-square (p <0.0001), which is re- 
lated to the degree of fit for the model. Also, the Wald 
statistic, which evaluates the fit of the model with and 
without a given factor, showed initial HR to contribute 
importantly (p <0.0002). 

When mortality from hospital discharge up to | year 
was analyzed using the same forced and other candidate 
variables, together with other factors noted at discharge, 
admission HR entered after the use of digitalis at dis- 
charge (Table II). Initial HR had an adjusted chi- 
square statistic larger (p <0.0001) than discharge digi- 
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ly demonstrated the prognostic importance of HR at 
randomization after AMI. Ina logistic regression analy- 
sis, baseline HR was à significant predictor of long-term 
mortality in both the timolol and placebo groups. When 
mortality was related to HR after 1 month of treat- 
ment, there was no longer a significant difference in 
mortality between the placebo and timolol groups: logis- 
tic regression analysis of all patients using treatment 
(placebo or timolol) and HR at 1 month as independent 
variables eliminated treatment, leaving HR as the only 
predictive variable. This result suggested that the major 
beneficial effect of timolol on mortality Was HR reduc- 
tion. Furthermore, in a meta analysis of several ran- 
domized trials of 8 blockers, a statistically significant 
relation between HR reduction and percent reduction in 
mortality was observed." 

Use of beta blockers in the present population: In 
the present study, the incidence of B-blocker use was 
relatively low, and fewer patients with admission 
>90 beats/min were taking 8 blockers previously (17%) 
or during the coronary care unit period (25%) than pa- 
tients with admission H 


admission HR for patients taking or not taking 8 
blockers (Figure 5). As in the Norwegian Timolol Mul- 
ticenter Study,!° in our population the HR variable but 
not B-blocker use entered the multivariate analyses O 

either cumulative mortality or mortality from discharge 


Pathophysiologic aspects: Several effects of a high- 
er HR might theoretically contribute to increased early 
or late mortality. Experimental studies have demon- 
strated that myocardial infarct size is increased with 
augmented HR and decreased when HR is lowered by 
various means.!8-20 Recent studies in animals show a 
markedly beneficial effect on acute ischemia and re- 
gional function of a new specific bradycardia agent?! 
and other studies indicate that during exercise stress the 
entire protective effect of B blockade on regional con- 
traction is due to lowered HR.” Elevated HR could be 
due to increased sympathetic activity, reduced vagal ac- 
tivity, Or both, and both can lower the ventricular fibril- 
lation threshold." Finally, there is experimental evi- 
dence for a relation between signs of low vagal /high 
sympathetic tone (e.g. reduced beat-to-beat variability 
or depressed baroreflexes) and the susceptibility to sud- 
den death after AMIA24?6 

Potential limitations: In the present study the data 
were analyzed retrospectively, and the finding that ad- 
mission HR is independently related to mortality, al- 
though confirming previous studies, '-!! does not prove à 
cause-effect relation. It is possible that an elevated 
is a subtle consequence of other causes of increased 
mortality, such as some degree of heart failure, even 
when overt signs are absent or undetected. We recog- 
nize the problems with interpretation and reproducibili- 
ty of the chest x-ray.!^ In the subgroup of patients with 
mild or no heart failure by chest x-ray (Figure 4), an 
elevated HR due to very mild failure might explain the 
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higher mortality for the subgroup with admission HR 
>90 beats/min. However, when all patients with grade 
1 chest x-ray, rales or an S; gallop at any time during 
the hospitalization were omitted from the subgroup with 


mild to no heart failure, patients with admission 
>90 beats/min still showed more than twice the mor- 
tality compared to the remaining patients in this group 
(7 vs 18%, P <(.016). Also, not all patients with moder- 
ate heart failure had an elevated HR, but for those who 
did, mortality was higher (Figure 4). 

Implications: Elevated HR is an easily detectable 
variable very early after admission, and may be useful 
in the selection of high risk patients for therapy. Thus, B 
blockers or other newer bradycardic agents might be 


beneficial in patients who have an elevated HR with 


absent or only mild heart failure, but this remains to be 
demonstrated prospectively. 
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Influence of Anterograde Flow in the Infarct 


Artery on the Incidence of Late 


Potentials After 


Acute Myocardial Infarction 


Richard A. Lange, MD, Ricardo G. Cigarroa, MD, Peter J. Wells, MD, Mark S. Kremers, MD, 
and L. David Hillis, MD 


oh pt CERNIT Se ee eee ye EET AUN 
In patients after myocardial infarction, survival is 
influenced by the presence or absence of antero- 
grade flow in the infarct artery, and late potentials 
on signal-averaged electrocardiography identify 
those at risk for tachyarrhythmias and sudden 
death. To assess the frequency of late potentials in 
survivors of first infarction, coronary arteriography 
and signal-averaged electrocardiography were per- 
formed in 109 subjects (64 men, 45 women, aged 
30 to 77 years), 49 with (group I) and 60 without 
(group Il) anterograde flow in the infarct artery. 
The groups were similar in age, sex, infarct artery, 
severity of coronary artery disease and left ventric- 
ular function. However, only 4 (8%) of group I had 
late potentials, whereas 24 (4096) of group ll had 
late potentials (p <0.001). Thus, anterograde flow 
in the infarct artery after myocardial infarction is 
associated with a low incidence of late potentials on 
signal-averaged electrocardiography, whereas the 
absence of anterograde flow is more often associ- 
ated with late potentials. 

(Am J Cardiol 1990;65:554-558) 
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nary flow after myocardial infarction improves 

left ventricular function’? and reduces mortali- 
ty,^ these effects may not necessarily be related. Previ- 
ous studies? have shown that thrombolytic therapy giv- 
en »6 hours after the onset of chest pain diminishes 
mortality without influencing left ventricular function. 
Furthermore, we have recently demonstrated that sur- 
vival of patients after infarction is influenced substan- 
tially by the presence or absence of anterograde flow in 
the infarct artery independent of left ventricular func- 
tion.”8 In these studies, the absence of anterograde flow 
in the infarct artery was associated with a markedly in- 
creased cardiac mortality, almost all of which was sud- 
den. Thus, residual anterograde flow in the infarct ar- 
tery may be beneficial independent of its influence on 
left ventricular performance, perhaps due to decreased 
ventricular tachyarrhythmias.?.!? 

Recently, signal-averaged electrocardiography has 
allowed the identification of low-amplitude, high-fre- 
quency signals (so-called late potentials) in the terminal 
portion of the QRS complex.!!-!? They are thought 
to be caused by slowed and asynchronous conduction 
through ischemic myocardium!^!? or normal myocardi- 
um interspersed with fibrosis.!3:!6!7 These late poten- 
tials are frequently detected in subjects with spontane- 
ous or inducible ventricular tachycardia. In patients 
who have had myocardial infarction, they identify those 
at risk for subsequent arrhythmic events and sudden 
death.!5-2? Since the absence of anterograde flow in the 
infarct artery and the presence of late potentials on sig- 
nal-averaged electrocardiography are both associated 
with an increased incidence of sudden death after in- 
farction, we hypothesized that survivors of infarction 
without residual anterograde flow in the infarct artery 
would have late potentials more frequently than those 
with anterograde flow. The present study was per- 
formed to test this hypothesis. 


A Ithough prompt restoration of anterograde coro- 


METHODS 

Patient population: We reviewed the results of all 
cardiac catheterizations performed at Parkland Memo- 
rial Hospital, Dallas, Texas, from January 1986 to May 
1989. Of the 1,408 patients, 219 were catheterized 
within 24 months of their first myocardial infarction 


and were found to have partial or complete anterograde : 


perfusion (group I) or no or minimal anterograde perfu- 
sion (group II) of the infarct artery. The infarct artery 
was identified by correlating arteriographic evidence of 








a narrowed or occluded coronary artery with electrocar- 
diographic evidence of subendocardial or transmural in- 
farction. Subsequently, each patient received antiangi- 
nal medications as needed, and coronary artery bypass 
surgery was performed if angina was refractory to med- 
ical therapy. Those with bundle branch block (5) and 
those requiring surgery (84) were excluded from the 
analysis. The remaining 130 patients were contacted in 
May and June 1989, to have a signal-averaged electro- 
cardiogram. Of these, 7 had died (2 from group I, 5 
from group II), and 14 were alive but were unable to 


FIGURE 1. The signal-averaged electro- 
cardiogram of a patient with anterograde 
flow in the infarct artery. Note that all 
signal-averaged i 


root mean (RM) square voltage was cal- 
culated. LA = low amplitude. 


IGURE 2. The signal-averaged electro- 
ardiogram of a patient without antero- 
rade flow in the infarct artery. Note that 


"ea represents the terminal 40 ms of the 
tered QRS complex, from which the root 
ean (RM) square voltage was calculated. 
A = low amplitude. 





come to Parkland Hospital. The remaining 109 subjects 
(64 men and 45 women, aged 30 to 77 years) had sig- 
nal-averaged electrocardiograms 1 to 48 months after 
infarction. In these individuals, catheterization was per- 
formed because of young age («40 years) (17) or post- 
infarction angina (60), as a routine after intravenous 
thrombolytic therapy (12) or because of a positive sub- 
maximal exercise tolerance test (20). 

Variables assessed: At the time of catheterization, 
left ventricular volumes and ejection fraction were mea- 
sured by standard techniques,?! and the presence of seg- 


QRS duration z 75ms 
RM square = 106.42uV 
LA signal =13ms 


QRS duration: 132 ms 
RM square =8.28uV 
LA signal 54 ms 
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All data are mean + 1 standard deviation. 
ECG = electrocardiogram; NS = not significant. 





mental asynergy was assessed. Selective coronary arteri- 
ography was performed, from which flow in the infarct 
artery was assessed in accordance with the criteria of 
the Thrombolysis in Myocardial Infarction investiga- 
tors.22 Each patient was categorized as having no or 
minimal anterograde perfusion (Thrombolysis in Myo- 
cardial Infarction grades 0 or 1) or partial or complete 
anterograde perfusion (Thrombolysis in Myocardial In- 
farction grades 2 or 3). 

Signal-averaged electrocardiography was performed 
with the Predictor Signal-Averaging Electrocardiogram 
System (Corazonix Corp.). Each patient had silver-sil- 
ver chloride electrodes placed in the standard bipolar 
orthogonal X,Y,Z configuration. Signals were ampli- 
fied, digitized, averaged and filtered with a bidirectional 
fourth order high-pass filter with a corner frequency of 
40 Hz. They were acquired until the noise level was 
reduced to «0.5 uV. A QRS vector magnitude was cal- 
culated as V = (X2 + Y? + Z2)!?. The root mean 
square voltage of the terminal 40 ms of the filtered 
QRS, the duration of the filtered QRS and the duration 
of the low-amplitude signal «40 uV in the terminal 
QRS were determined by a computer algorithm. A late 
potential was prospectively defined as the presence of a 
total filtered QRS duration >114 ms, a root mean 
square voltage <20 uV in the terminal 40 ms of the 
QRS or a low-amplitude signal duration >38 ms. Fig- 
ures 1 and 2 show a normal signal-averaged electrocar- 
diogram and one with a late potential. 

Statistical analyses: All data are reported as mean 
+ 1 standard deviation. The characteristics of the 2 
groups were compared with the chi-square test for cate- 
gorical variables and the Student ¢ test for continuous 
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TABLE! Characteristics of the Two Patient Groups 


Group | (n = 49) Group II (n = 60) 
Perfusion Grades 2,3 





Age (yrs) 50+ 10 
Male sex (%) 30 (61) 
No. of months from infarction 19+ 14 
to signal-averaged ECG 
Q-wave infarction (%) 27 (55) 
Infarct artery (%) 
Left anterior descending 26 (53) 
Left circumflex 9 (18) 
Right 14 (29) 
Severity of coronary artery disease (%) 
1-vessel 36 (73) 
2-vessel 9 (18) 
3-vessel 4 (9) 
Left ventricular volumes 
End-diastolic (ml / m?) 65 X15 
End-systolic (ml / m?) 31 € 19 
Ejection fraction 0.54 + 0.19 
No. of patients with segmental 9 (22) 
dyskinesis on ventriculography (%) 
No. of patients receiving 1 (2) 
antiarrhythmic therapy at time of 
signal-averaged ECG (%) 
No. of patients with 4 (8) 





Perfusion Grades 0,1 






52411 NS 


34 (57) NS 
18+ 14 NS 
44 (73) NS 
21 (35) NS 
13 (22) NS 
26 (43) NS 
39 (65) NS 
14 (23) NS 
7 (12) NS 
66 € 15 NS 
324 14 NS 
0.52+0.13 NS 
13 (22) NS 
4 (7) NS 
24 (40) <0.001 


variables. For all analyses, a p value <0.05 was consid- 
ered significant. 


RESULTS 

The subjects with partial or complete anterograde 
flow in the infarct artery (group I, 49) were similar to 
those with no or minimal anterograde flow (group Il, 
60) in age, sex, time from infarction to signal-averaged 
electrocardiography, infarct artery, severity of coronary 
artery disease, left ventricular volumes and ejection 
fraction and the incidence of segmental dyskinesis (Ta- 
ble I). However, those with no or minimal anterograde — 
flow had a higher incidence of late potentials on the 
signal-averaged electrocardiogram (p <0.001). 

The characteristics of the 28 patients with and the 
81 without late potentials are listed in Table II. Of the 
40 subjects in whom the right coronary artery was the 
infarct artery, late potentials were present in 18 (45%). 
In contrast, of the 47 individuals in whom the left ante- 
rior descending artery was the infarct artery, late poten- 
tials were noted in only 2 (4%) (p <0.001). As the data 
in Table II indicate, the right coronary artery was the 
infarct artery in 18 of the 28 patients with late poten- 
tials. 


DISCUSSION 

Although reperfusion within 3 to 4 hours of the on- 
set of myocardial infarction improves left ventricular 
function!~3 and survival,’ these beneficial effects may be 
independent of each other. In 2 large studies,?6 strepto- 
kinase given >6 hours after the onset of chest pain re- 
duced mortality without exerting a demonstrable effect 
on left ventricular function. We have recently shown 








Variable 





Age (yrs) 


antiarrhythmic therapy at time of 
signal-averaged ECG (%) 


that long-term survival after infarction is influenced 
markedly by the presence or absence of anterograde 
flow in the infarct artery independent of left ventricular 
function.^* Thus, the restoration of anterograde flow in 
the infarct artery after infarction may be beneficial be- 
cause of salvage of jeopardized myocardium, improving 
left ventricular performance, and reduced mortality 
through a mechanism independent of its effect on left 
ventricular function, such as diminished arrhythmo- 
genesis. 

In patients with recent myocardial infarction, an- 
terograde flow in the infarct artery is associated with a 
low incidence of inducible ventricular tachyarrhyth- 
mias, whereas the absence of anterograde flow is often 
accompanied by provocable ventricular tachycardia or 
fibrillation.?.? In addition, successful thrombolytic ther- 
apy is associated with a reduction in the incidence 
of late potentials on the signal-averaged electrocardio- 
gram.? Our data agree with these observations: in com- 
parison to subjects with residual anterograde flow in the 
infarct artery (group I), those with no or minimal anter- 
ograde perfusion (group II) had an increased incidence 
of late potentials on signal-averaged electrocardiogra- 
phy (Table I). Since patients with late potentials on sig- 
nal-averaged electrocardiography after infarction have 
an increased incidence of ventricular tachyarrhythmias 
and sudden death,'*-*° residual anterograde flow in 
the infarct artery may reduce the occurrence of these 
events. 

Late potentials on signal-averaged electrocardiogra- 
phy are thought to arise from border zone areas of myo- 
"ardium in which normal cells are interspersed with 
areas of fibrosis!?:!6!7 or ischemia,!^!5 or both. The sur- 
zical removal of these areas causes the signal-averaged 


Late Potential 
Present (n = 28) 


TABLE Il Characteristics of Patients With and Without Late Potentials on Signal-Averaged Electrocardiography 


53 + 10 


Male sex (%) 16 (57) 48 (59) NS 
No. of months from infarction 19+15 18+13 NS 
to signal averaged ECG 
Q-wave infarction (%) 23 (82) 48 (59) <0.05 
Infarct artery (%) 
Left anterior descending 2 (7) 45 (56) «0.001 
Left circumflex 8 (29) 14 (17) NS 
Right 18 (64) 22 (27) «0.001 
Severity of coronary artery disease (96) 
1-vessel 15 (54) 60 (74) NS 
2-vessel 9 (32) 14 (17) NS 
3-vessel 4 (14) 7 (9) NS 
Left ventricular volumes 
End-diastolic (ml /m?) 69 + 18 65+ 14 NS 
End-systolic (ml /m?) 35417 31416 NS 
Ejection fraction 0.52 + 0.13 0.54 € 0.17 NS 
No. of patients with segmental 3 (13) 19 (27) NS 
dyskinesis on ventriculography (96) 
No. of patients receiving O (0) 5 (6) NS 


All data are mean + 1 standard deviation. 
Abbreviations as in Table |. 
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electrocardiogram to return to normal.24 Anterograde 
perfusion of the infarct artery after infarction may pro- 
vide an adequate supply of oxygen and nutrients so that 
these areas are electrically stable. The mechanisms by 
which this may occur include the salvage of ischemic 
cells in the border zone,” a change in the electrophysio- 
logic characteristics of the border zone, an alteration in 
remodeling of the infarction and the area adjacent to 
it, or a combination. Although subjects with (group I) 
and without (group II) anterograde perfusion of the in- 
farct artery had similar left ventricular volumes and 
ejection fractions (Table I), subtle differences in remod- 
eling may not induce a demonstrable change in these 
variables. 

In our study, the right coronary artery was the in- 
farct artery in 18 of the 28 (6490) patients with late 
potentials on signal-averaged electrocardiography (Ta- 
ble II). These results are consistent with previously pub- 
lished studies, which have noted a high incidence of late 
potentials after inferior infarction?? and a higher inci- 
dence of late potentials after inferior (as opposed to an- 
terior) infarction.? Regional variability in myocardial 
depolarization probably accounts for these differences, 
in that the inferoposterior portion of the left ventricle is 
depolarized later than the anterior and anteroseptal re- 
gions. Thus, patients with inferior infarction and slow 
intramyocardial conduction are more likely to have a 
late potential than those with anterior infarction. With 
the latter, a particularly large amount of myocardium 
with slowed activation is required to create a late poten- 
tial of sufficient magnitude that it is not obscured by 
normal depolarization of the inferior wall. 

Our study has certain limitations. First, it is a retro- 
spective assessment of patients undergoing catheteriza- 
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tion during the weeks to months after myocardial in- 
farction. Second, although we included all subjects who 
sustained an infarction and underwent catheterization 
from January 1986 to May 1989, not all patients with 
infarction at our hospital during that time had catheter- 
ization. We cannot exclude the possibility that our re- 
sults may have been different if all patients had cathe- 
terization and signal-averaged electrocardiography after 
infarction. Third, there was substantial variability in the 
elapsed time from infarction to signal-averaged electro- 
cardiography. However, since the time from infarction 
to signal-averaged electrocardiography was similar for 
patients with and without anterograde flow (Table I), 
any effect of this time interval on the frequency of late 
potentials would be expected to affect both groups simi- 
larly. Fourth, most of the patients included in this study 
(75 of 109) had disease of only the infarct artery (Table 
D. Many of those with 2- and 3-vessel coronary artery 
disease had bypass grafting and, therefore, were exclud- 
ed from the analysis. However, the results from those 
with single- and multivessel coronary artery disease 
were similar. With these limitations in mind, we con- 
clude that anterograde flow in the infarct artery after 
infarction is associated with a low incidence of late po- 
tentials on signal-averaged electrocardiography. In con- 
trast, the absence of anterograde flow in the infarct ar- 
tery is frequently associated with late potentials on sig- 
nal-averaged electrocardiography, and, therefore, these 
individuals are at greater risk of spontaneous ventricular 
tachyarrhythmias and sudden death. 
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NEW INDICATIONS AND USAGE: EMINASE® ANISTREPLASE, is indicated for use in the management of acute myocardial infarction (AMI) in adults, for the lysis of thrombi obstructing coronary arteries, the 
EM [| N. A S E æ reduction of infarct size, the improvement of ventricular function following AMI, and the reduction of mortality associated with AMI. Treatment should be initiated as soon as possible after the onset of 


AMI symptoms. 
ANISTREPLASE | 30u | CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, EMINASE* is contraindicated in the following situations: ™ active internal bleeding ® history of cerebrovascular 
A frat accident ® recent (within 2 months) intracranial or intraspinal surgery or trauma (see WARNINGS) ® intracranial neoplasm, arteriovenous malformation, or aneurysm = known bleeding diathesis 


a severe, uncontrolled hypertension. EMINASE® should not be administered to patients having experienced severe allergic reactions to either this product or Streptokinase. 


WARNINGS: Bleeding: [See ADVERSE REACTIONS) The most common complication associated with EMINASE* therapy is bleeding. The types of bleeding associated with thrombolytic therapy can be divided into two broad categories: 1. Internal 


bleeding involving the gastrointestinal tract, genitourinary tract, retroperitoneal, ocular, or intracranial sites. 2. Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., venous cutdowns, arterial punctures, sites 


7 . of recent surgical intervention). The concomitant use of heparin anticoagulation may contribute to the bleeding. Some of the hemorrhagic episodes occurred one or more days after the effects of EMINASE* had dissipated, but while 


heparin therapy was continuing. As fibrin is lysed during EMINASE* therapy, bleeding from recent puncture sites may occur. Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including catheter 
insertion sites, arterial and venous puncture sites, cutdown sites, and needle puncture sites). Intramuscular injections and nonessential handling of the patient should be avoided during treatment with EMINASE*. Venipunctures should 
be performed carefully and only as required. Should an arterial puncture be necessary following administration of EMINASE® it is preferable to use an upper-extremity vessel that is accessible to manual compression. A pressure dressing 
should be applied, and the puncture site should be checked frequently for evidence of bleeding. Each patient being considered for therapy with EMINASE® should be carefully evaluated and anticipated benefits should be weighed against 


‘potential risks associated with therapy. In the following conditions, the risks of EMINASE* therapy may be increased and should be weighed against the anticipated benefits: # recent (within 10 days) major surgery (e.9., coronary artery 


bypass graft, obstetrical delivery, organ biopsy, previous puncture of noncompressible vessels) m cerebrovascular disease ® recent gastrointestinal or genitourinary bleeding (within 10 days) recent trauma (within 10 days) including 
cardiopulmonary resuscitation ™ hypertension: systolic BP 180 mmHg and/or diastolic BP 110 mmHg ™ high likelihood of left heart thrombus (e.g., mitral stenosis with atrial fibrillation)  subacute bacterial endocarditis = acute peri- 


- carditis = hemostatic defects including those secondary to severe hepatic or renal disease ™ pregnancy ® age >75 years (Use of EMINASE* in patients over 75 years old has not been adequately studied.) diabetic hemorrhagic 


retinopathy or other hemorrhagic ophthalmic conditions = septic thrombophlebitis or occluded AV cannula at seriously infected site = patients currently receiving oral anticoagulants (e.g., warfarin sodium) ® any other condition in 
which bleeding constitutes a significant hazard or would be particularly difficult to manage because of its location. ` 
Arrhythmias: Coronary thrombolysis may result in arrhythmias associated with reperfusion. These arrhythmias (such as sinus bradycardia, accelerated idioventricular rhythm, ventricular premature depolarizations, ventricular tachycardia) 
are not different from those often seen in the ordinary course of acute myocardial infarction and may be managed with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia and/or 
ventricular irritability be available when injections of EMINASE® are administered. 

Hypotension: Hypotension, sometimes severe, not secondary to bleeding or anaphylaxis, has occasionally been observed soon after intravenous EMINASE* administration. Patients should be monitored closely and, should symptomatic or 
alarming hypotension occur, appropriate symptomatic treatment should be administered. 

PRECAUTIONS: General: Standard management of myocardial infarction should be implemented concomitantly with EMINASE* treatment. Invasive procedures should be minimized (see WARNINGS). Anaphylactoid reactions have rarely 


- been reported in patients who received EMINASE*. Accordingly, adequate treatment provisions such as epinephrine should be available for immediate use. 


Readministration: Because of the increased likelihood of resistance due to antistreptokinase antibody, EMINASE® may not be as effective if administered more than 5 days after prior EMINASE® or Streptokinase therapy or streptococcal 
infection, particularly between 5 days and 6 months. Increased antistreptokinase antibody levels between 5 days and 6 
months after EMINASE® or Streptokinase administration may also increase the risk of allergic reactions. Repeated 
administration of EMINASE® within one week of the initial dose has occurred in a small number of patients treated for 
AMI and non-AMI conditions. The incidence of hematomas/bruising was somewhat greater in those patients who received 
repeat doses of EMINASE* but otherwise the adverse event profile was similar to those who received one dose. 


Laboratory Tests; Intravenous administration of EMINASE® will cause marked decreases in plasminogen and fibrinogen 
and increases in thrombin time (TT), activated partial thromboplastin time (APTT), and prothrombin time (PT). Results 
of coagulation tests and/or measures of fibrinolytic activity performed during EMINASE* therapy may be unreliable 
unless specific precautions are taken to prevent in vitro artifacts. EMINASE® when present in blood in pharmacologic 
concentrations, remains active under in vitro conditions. This can lead to degradation of fibrinogen in blood samples 
removed for analysis. Collection of blood samples in the presence of aprotinin (2000 to 3000 KIU/mL) can, to some 
extent, mitigate this phenomenon. 


Drug Interactions: The interaction of EMINASE® with other cardioactive drugs has not been studied. In addition to bleeding 
associated with heparin and vitamin K antagonists, drugs that alter platelet function (such as aspirin and dipyridamole) 
may increase the risk of bleeding if administered prior to EMINASE® therapy. 


Use of Anticoagulants; EMINASE® alone or in combination with antiplatelet agents and anticoagulants may cause bleeding 
complications. Therefore, careful monitoring is advised, especially at arterial puncture sites. In clinical studies, a majority 
of patients treated received anticoagulant therapy postdosing with EMINASE® during their hospital stay and a minority 
received heparin pretreatment with EMINASE®. The use of antiplatelet agents increased the incidence of bleeding events 
similarly in patients treated with EMINASE* or nonthrombolytic therapy. There was no evidence of a synergistic effect of 
combined EMINASE* and antiplatelet agents on bleeding events. In addition, there was no difference in the incidence of 
hemorrhagic CVA's in EMINASE* treated patients who did or did not receive aspirin. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been performed to evaluate the 
carcinogenic potential or the effect on fertility. Studies to determine mutagenicity and chromosomal aberration assays 
in human lymphocytes were negative at all concentrations tested. 


Pregancy (Category C): Animal reproduction studies have not been conducted with EMINASE*. It is also not known whether 
EMINASE® can cause fetal harm when administered to a pregnant woman or can affect reproduction capacity. EMINASE* 
should be given to a pregnant woman only if clearly needed. 


Nursing Mothers: It is not known whether EMINASE® is excreted in human milk. Because many drugs are excreted in 
human milk, the physician should decide whether the patient should discontinue nursing or not receive EMINASE*. 


Pediatric Use: Safety and effectiveness of EMINASE* in children have not been established. 


ADVERSE REACTIONS: Bleeding: The incidence of bleeding (major or minor) varied widely from study to study and may 

depend on the use of arterial catheterization and other invasive procedures, patient population, and/or concomitant 

therapy. The overall incidence of bleeding in patients treated with EMINASE* in clinical trials (n=5275) was 14.6%, with 

nonpuncture-site bleeding occurring in 10.296, and puncture-site bleeding occurring in 5.796, of these patients. Bleeding 
at the puncture site occurred more frequently in clinical trials in which the patients underwent immediate coronary catheterization (13.3%, n=637) compared with those who did not (3.096, n=2023). The incidence of presumed 
intracranial bleeding within 7 days postdosing with EMINASE* was 0.57% (n—5275; 0.34% etiology confirmed hemorrhagic; 0.23% etiology not confirmed) compared to 0.16% (n=1249) after nonthrombolytic therapy. In the AIMS 
trial the overall incidence of bleeding in patients treated with EMINASE* was 14.8% compared with 3.8% for placebo. The incidence of specific bleeding events was: 





EMINASE* Placebo EMINASE* Placebo EMINASE* Placebo 
Type of Bleeding (n—500) (n=501) Type of Bleeding (n=500) (n=501) Type of Bleeding (n=500) (n=501) 
Puncture site 4.6% <1% Gastrointestinal hemorrhage 2.0% 1.4% Anemia <1% <1% 
Nonpuncture site hematoma 2.8% <1% Intracranial 1.0% <1% Eye Hemorrhage <1% <1% 
Hematuria/Genitourinary 2.4% <1% Gum/Mouth Hemorrhage 1.0% 0 Hemorrhage (unspecified) <1% 0 
Hemoptysis 2.2% <1% Epistaxis <1% <1% 


In this study there was no difference between EMINASE® and placebo in the incidence of major bleeding events. Should serious bleeding (not controlled by local pressure) occur in a critical location (intracranial, gastrointestinal, 
retroperitoneal. pericardial), any concomitant heparin should be terminated immediately and the administration of protamine to reverse heparinization should be considered. If necessary, the bleeding tendency can be reversed with 


- appropriate replacement therapy. Minor bleeding can be anticipated mainly at invaded or disturbed sites. If such bleeding occurs, local measures should be taken to control the bleeding (see WARNINGS). 


Cardiovascular: The most frequently reported adverse experiences in EMINASE® clinical trials (n—5275) were arrhythmia/conduction disorders which were reported in 38% of patients treated with EMINASE* and 46% of nonthrombolytic 
control patients. Hypotension occurred in 10.4% of patients treated with EMINASE* compared to 7.9% for patients who received nonthrombolytic treatment (see WARNINGS). 


Allergic-type Reactions: Anaphylactic and anaphylactoid reactions have been observed rarely (0.2%) in patients treated with EMINASE* and are similar in incidence to Streptokinase (0.1% anaphylactic shock in one study). These included 
symptoms such as bronchospasm or angioedema. Other milder or delayed effects such as urticaria, itching, flushing, rashes, and eosinophilia have been occasionally observed. A delayed purpuric rash appearing one to two weeks 
after treatment has been reported in 0.3% of patients. The rash may also be associated with arthralgia, ankle edema, gastrointestinal symptoms, mild hematuria, and mild proteinuria. This syndrome was self-limiting and without 
long-term sequelae. 


Risk of Viral Transmission: Six batches of EMINASE* (five different batches of Lys-Plasminogen) were used in clinical trials designed specifically to monitor possible hepatitis non-A, non-B transmission. No case of hepatitis was diagnosed 
in patients receiving EMINASE*. Lys-Plasminogen is derived from human plasma obtained from FDA approved sources and tested for absence of viral contamination, including human immunodeficiency virus type -1 (HIV-1) and hepatitis 
B surface antigen, The manufacturing process includes a vapor-heat treatment step for inactivation of viruses. The entire manufacturing process has also been validated to yield a cumulative reduction of 210" fold HIV-1 infectious 
particles, i.e., —10" infectious particles removed by vapor-heat treatment and a cumulative total of 210^ infectious particles removed by the various steps in the purification process. 


Causal Relationship Unknown: Since the following experiences may also be associated with AMI or other therapy, the causal relationship to EMINASE* administration is unknown. The following adverse experiences were infrequently 
(<10%) reported in clinical trials: Body as a Whole—chills, fever, headache, shock; Cardiovascular—cardiac rupture,chest pain,emboli; Dermatology—purpura,sweating; Gastrointestinal—nausea and/or vomiting; Hemic and Lymphatic—throm- 
bocytopenia; Metabolic and Nutritional —elevated transaminase levels; Musculoskeletal—arthralgia; Nervous—agitation, dizziness, paresthesia, tremor, vertigo; Respiratory—dyspnea, lung edema. 

DOSAGE AND ADMINISTRATION: Administer EMINASE* as soon as possible after the onset of symptoms. The recommended dose is 30 units of EMINASE* administered only by intravenous injection over 2 to 5 minutes into an intravenous line or vein. 
Reconstitution: 1. Slowly add 5 mL of Sterile Water for Injection, U.S.P., by directing the stream of fluid against the side of the vial. 2. Gently roll the vial, mixing the dry powder and fluid. Do not shake. Try to minimize foaming. 
X The reconstituted preparation is a colorless to pale yellow transparent solution. Before administration, The product should be visually inspected for particulate matter and discoloration. 4. Withdraw the entire contents of 
the vial. 5. The reconstituted solution should not be further diluted before administration or added to any infusion fluids. No other medications should be added to the vial or syringe containing EMINASE®. 6. If 
EMINASE* is not administered within 30 minutes of reconstitution, it should be discarded. 

HOW SUPPLIED: EMINASE* is supplied as a sterile, lyophilized powder in 30-unit vials. NDC 57294-030-20. 


Storage: Store lyophilized EMINASE* between 2-8°C (36-46°F). Do not use beyond the expiration date printed on the vial. 


Manufactured by: 
Beecham-Wülfing 

Distributed by: 
Neuss, West Ger many Beecham Laboratories 
U.S. License No. 1097 Bristol, Tennessee 37620 
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ANISTREPLASE 


Saves lives 


When used within 6 hours 
of onset in acute MI. 


m Documented increase in both 30-day and 
1-year survival following acute MI 


See full prescribing information 





Now, a single 2- to 5-minute 
WV injection significantly 
reduces mortality in acute MI 


Saves function Saves time 


When used within 6 hours In administration 
of onset in acute MI. 


- Reduces infarct size 24% compared with - Rapid administration of therapy undera 
heparin physician's care 


m Maintains significantly better ejection fraction— ^W Total 30-unit dose can be completely 
53% v 47.5% with heparin administered in 2 to 5 minutes 
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EMINASE - 


 ANISTREPLASE 


Saves lives 


When used within 6 hours 
of onset in acute MI. 


Increases both 30-day and 1-year survival 
following acute MI 


Eminase has been studied worldwide in more than 5200 patients and reported 
in the literature as APSAC (anisoylated plasminogen streptokinase activator 
complex). 

In one multinational clinical trial involving 1258 patients with acute myocardial 
infarction, Eminase was significantly more effective in reducing mortality when 
compared with nonthrombolytic therapy. Eminase demonstrated a 47.2% 
reduction in mortality at 30 days and a 38% reduction at 1 year in acute MI 
when administered within 6 hours of onset of symptoms.* 


Results of APSAC Intervention Mortality Study (AIMS) 


Percent mortality Percent mortality 
within 30 days | within 1 year 


E q 
| 38% | 
| reduction | 


EMINASE 
6.4% 


B * See full prescribing information. 
0 | 


aphid bo bed » , 
RTT SS a ee eS m 
? - - M -— " " 
f l remet Y 
. pt pe int MTS * ell |) Be PW FNAC ub * stt = 
l ^ Ps i t "n -.*. PN. J 
LL le TE e ae "igitor lys oh v MEM i , 
‘ == " T " 
j’ s | E uu MN n LE Pu © 
i 20b C BEL asse." NR T 5E. 7 * 

] t 








Saves function 


When used within 6 hours 
of onset in acute MI. 


Reduces infarct size 24% 


In a double-blind randomized trial, the infarct size 
of Eminase patients was 24% smaller than that 
of heparin patients approximately 3 weeks after 
treatment (n — 188, P — .02).** 


Improves ejection 
fraction 


Patients treated with Eminase had significantly 
better left ventricular ejection fractions compared 
with heparin patients (53% v 47.5%; P < .01], 
when measured 4 days after treatment.** 


Successful reperfusion 


Treatment in acute MI must not only open 
coronary arteries, but also keep them open. Two 
studies report successful reperfusion with 
Eminase of 60%* and 6496* Experience from 
these studies indicates a reocclusion rate within 
24 hours of 3% to 406* i 


Presents a low incidence 
of serious adverse effects 


Few episodes of major bleeding. 

In all clinical trials (n — 5275), the incidence of 
intracranial bleeding was 0.5796, compared to 
0.1696 with nonthrombolytic therapy. The overall 
incidence of bleeding was 14.696 (puncture-site 
bleeding, 5.796; non-puncture-site bleeding, 
10.2%). 

Hypotension. 

With Eminase, the incidence of hypotension was 
10.4%, compared to 7.9% with nonthrombolytic 
therapy. 

Other adverse experiences reported — 
include: 

Arrhythmia/conduction disorders; nausea and/ 
or vomiting; fever/chills; rash/itching. Anaphy- 
lactic reactions were rarely observed (0.2%). 


*Anderson et al. J Am Coll Cardiol. 1988;11:1153- 1163. 
tBonnier et al. Am J Cardiol. 1988;62:25-30. 
**See full prescribing information. 





Saves time 


In administration 


Rapid preparation and administration saves critical time 
in initiating therapy in acute MI 


Rapid initiation of therapy due |I V injection for rapid use under Total 30-unit dose can be 
to simple preparation. a physician’s care. completely administered i 
2 to 5 minutes. | 


Saving time is the first step in saving lives in acute MI «x 
The ease of preparation and speed of administration with Eminase help reduce the critical time to. 
initiate therapy. These valuable minutes result in optimal therapeutic effectiveness in treating the 

acute MI patient. a 








_ In acute MI, intervene w ngle IV injection of 














Age-Related Prognosis After Acute Myocardial 
Infarction (The Multicenter Diltiazem 
Postinfarction Trial) 


Frank |. Marcus, MD, Karen Friday, MD, John McCans, MD, Thomas Moon, PhD, 
Elizabeth Hahn, MA, Leonard Cobb, MD, Jesse Edwards, MD, and Lewis Kuller, MD 


T ———— a a 
The basis for the excess mortality with age after 


acute myocardial infarction (AMI) is not clear, nor 
is it known whether the mode of death is altered 
with age. Age-related factors predictive of mortali- 
ty and age-related mechanisms of the 333 deaths 
were examined in 2,466 patients who were en- 


rolled in a placebo-controlled trial to determine the 


effect of diltiazem on mortality and reinfarction 
after AMI. There were 3 age groups with increas- 
ing mortality rates: ages 25 to 49 (n = 499), 50 to 
64 (n = 1,228) and 65 to 75 years (n — 739). 
There was a significant age-related increase in the 
proportion of patients with baseline risk factors. 
These baseline characteristics did not differ by 
treatment (placebo vs diltiazem). However, multi- 
variate survivorship analysis still identified age as 
an independent risk factor for cardiac death. The 
proportion of arrhythmic and myocardial failure 
deaths did not differ by treatment or age group. 
(Am J Cardiol 1990;65:559-566) 


From the Section of Cardiology, Department of Medicine, University of 
Arizona College of Medicine, Tucson, Arizona. This study was support- 
ed in part by grants from Marion Laboratories, Kansas City, Missouri, 
The Flinn Foundation, Phoenix, Arizona, and the Gustavus and Louise 
Pfeiffer Research Foundation, Santa Monica, California. Manuscript 
received July 31, 1989; revised manuscript received October 27, 1989, 
and accepted October 28. 

Address for reprints: Frank I. Marcus, MD, Arizona Health Sci- 
ences Center, 1501 N. Campbell Avenue, Tucson, Arizona 85724. 


. n association of increasing mortality risk and 
nv age after acute myocardial infarction 
(AMI) has been well documented. !-!? However, 
the basis for the excess mortality with age is not clear.? 
Several factors, such as impaired left ventricular func- 
tion and ventricular ectopic activity, are known to be 
independent predictors of death after AMI.!4 Although 
decreased ventricular function and other identifiable 
factors are more prevalent in the elderly after AMI, 
several baseline characteristics could not account for the 
increased 1- and 4-year mortality in the elderly.'? 

The mechanisms involved in subsequent deaths 
among survivors of AMI have been well document- 
ed.!>:!6 There have been no data reported as to whether 
the proportion of deaths due to arrhythmia or myocar- 
dial failure varies with age, or whether acute myocardi- 
al ischemia has the same frequency immediately before 
death occurring in the elderly and in younger patients. 
The present report describes an analysis of the factors 
predictive of mortality as well as those involved in the 
mode of death in a cohort of 2,466 survivors of AMI 
who were entered into a placebo-controlled trial to de- 
termine the effect of diltiazem on mortality and re- 
infarction in patients with a previous infarction. In that 
trial, diltiazem had no overall effect on mortality or car- 
diac events.!? 


METHODS 

The details of the Multicenter Diltiazem Postinfarc- 
tion Trial have been published previously. The Multi- 
center Diltiazem Postinfarction Trial enrolled postin- 
farction patients from 23 medical centers in the 
United States (19) and Canada (4). Beginning in Feb- 
ruary 1983, a total of 13,626 patients with AMI were 
screened for study eligibility, of whom 2,466 were en- 
rolled. After signing informed consent, they were ran- 
domized within 3 to 15 days of the onset of AMI to 
receive treatment with either placebo or diltiazem 60 
mg 4 times a day. Patient enrollment concluded on June 
30, 1986, and all patients were followed uniformly until 
June 30, 1987. 

The diagnosis of AMI was based on elevation of car- 
diac enzymes in patients with chest discomfort, electro- 
cardiographic changes suggestive of an acute coronary 
event, or both. Eligible patients were excluded if any of 
these 12 conditions were present: (1) cardiogenic shock 
or symptomatic hypotension, (2) pulmonary hyperten- 
sion with right ventricular failure, (3) second- or third- 
degree atrioventricular block, (4) resting heart rate <50 
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Age At 


Randomization (yrs) 


25-49 






No. Pts. (%) 









50-56 459 58 (13) 
57—61 466 58 (12) 
62-66 506 58 (12) 
67-75 536 126 (24) 
Total 2,466 333 (14) 
Log rank chi-square 70.53 
Degrees of freedom 4 

P value 0.0001 












Hinkle and Thaler Category 25-49 








|. Arrhythmic deaths (%) 16 (49) 
Abrupt loss of consciousness 
and disappearance of pulse 
without prior collapse of 
circulation 
Il. Deaths in circulatory failure (%) 7 (21) 
Circulatory failure and 
collapse of circulation before 
disappearance of pulse 







Ill. Other causes of death (%) 10(30) 
Cardiac procedure a” 
Multiple mechanisms, other 

Total 33 






beats/min or a history consistent with sinus node dys- 
function, (5) history of adverse reactions to diltiazem, 
(6) women of child-bearing potential not using medical- 
ly prescribed contraceptive measures, (7) Wolff-Parkin- 
son-White syndrome, (8) other conditions for which the 
patient was likely to receive calcium antagonists before 
the scheduled termination of the study, (9) any condi- 
tion such as cancer, uremia or advanced liver disease 
associated with a reduced likelihood of survival during 
the course of the study, (10) a qualifying myocardial 
infarction due to nonatherosclerotic causes such as sur- 
gery, shock or trauma, (11) a high likelihood of under- 
going cardiac surgery in the near future or (12) various 
administrative problems such as residence outside the 
study area or unwillingness to participate. 

The randomization process included stratification 
within each hospital for the number of days from AMI 
to randomization (<5 days, >5 days), concurrent 6- 
blocker therapy (no, yes) and New York Heart Associ- 
ation functional classification 1 month before hospital- 
ization (I, II to IV). 

Before randomization, chest x-rays were obtained in 
the coronary care unit and were interpreted by staff ra- 
diologists at each hospital. The chest x-ray with the 
most severe degree of pulmonary congestion was identi- 
fied by the study coordinator at each hospital. From the 
official written report, the degree of pulmonary conges- 
tion was coded using a 4-level severity scale for pulmo- 
nary congestion ranging from none to mild, moderate or 
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TABLE I Patient Age Groups Related to Cause and Mechanism of Death 


All-Cause Death 





Arr. Death = arrhythmic mechanism of death; Circ. Fail. Death = death due to circulatory failure. 


TABLE II Classification of the Mechanism of Death by Age Group 
Age Group (yrs) 


i MM LL o o 


* Indicate subcategories and refer only to patients who died from atherosclerotic heart disease. 


Cardiac Death Arr. Death Circ. Fail. Death 
(76) (76) (96) 





42 (9) 

44 (9) 25 (5) 13 (3) 

44 (9) 25 (5) 14 (3) 

97 (18) 49 (9) 30 (6) 
252 (10) 136 (6) 80 (3) 
56.89 22.41 17.45 

4 4 4 
0.0001 0.0002 


50-64 


















66 (43) 55 (37) 137 (41) 
37 (24) 37 (25) 81 (24) 
50 (33) 55 (37) 115(35) 
11* 9* 22" 
E 11” 14* 
153 147 333 





severe. For analysis, pulmonary congestion was pre- 
specified as a 2-level variable—none versus any conges- 
tion. Whenever possible, a radionuclide ventriculogram 
and a 24-hour ambulatory electrocardiogram were ob- 
tained before initiation of trial medication. The qualify- 
ing 12-lead electrocardiograms were interpreted and 
coded by the electrocardiographic reading center. 

Patient follow-up occurred at 3-month intervals dur- 
ing the first year of the trial, and at 4-month intervals 
until trial termination. If necessary, the center physician 
could reduce the dose of study medication (diltiazem 
60 mg or placebo) from 4 times a day to 3 or twice 
daily. Patients were followed double-blind for 12 to 52 
months, with an average of 25 months. 

The primary study endpoint was the first recurrent 
cardiac event (cardiac death or nonfatal reinfarction), 
whichever occurred first. If the primary endpoint of 
nonfatal reinfarction occurred first, the patient was still 
followed for subsequent death. Each death was catego- 
rized as cardiac or noncardiac, and the mechanism of 
cardiac death was classified by a 4-member mortality 
review committee. (See Appendix.) Procedural details 
governing the operation of this committee have been 
published previously.'? The committee used the classifi- 
cation suggested by Hinkle and Thaler.'* According to 
this classification, deaths were attributed to an arrhyth- 
mic mechanism, to myocardial failure or to other causes 
such as cancer, stroke or suicide. Also included in the 
category termed “other causes” were patients who died 


he 





of complications of cardiac procedures such as coronary 
angiography or coronary artery bypass surgery as well 
as patients who died of multiple mechanisms such as 
congestive heart failure with pulmonary emboli. All but 
2 patients in this study whose deaths were due to an 
arrhythmia or circulatory failure died of atherosclerotic 
heart disease. One patient who died of an arrhythmic 
mechanism had cardiomyopathy in addition to athero- 
sclerotic heart disease and 1 patient who died of circula- 
tory failure had a ruptured abdominal aneurysm. Some 
patients whose deaths were categorized as “other” may 
have died from atherosclerotic heart disease. The crite- 
ria for nonfatal reinfarction were the same as those for 
the initial infarction. All deaths and nonfatal reinfarc- 
tions were categorized by the respective endpoint sub- 
committee according to written criteria without knowl- 
edge of the patient's assigned trial medication. 

The University of Rochester served as the data col- 
lection and processing center. Statistical analysis for the 
study endpoints has been previously described.!7 

Statistical methods: Patients were initially classified 
into 5 age groups of approximately equal size (Table I) 
and compared using Kaplan-Meier survivorship esti- 
mates of mortality rates.? The 3 middle age groups 
were then combined since their mortality rates were 
similar for all-cause mortality, cardiac mortality and 
deaths due to arrhythmia or myocardial failure. This 
yielded 3 groups with differing mortality: ages 25 
through 49 (n = 499), 50 through 64 (n = 1,228) and 
65 through 75 (n = 739). The survival curves for these 
3 groups were compared for each cause of death using 
the log rank test,?? and hazard rates were estimated as- 
suming an exponential distribution.?! Time to first non- 
fatal reinfarction was also compared using Kaplan- 
Meier survival curves, censoring other patients in- 
cluding those whose first recurrent cardiac event was 
cardiac death. 

Within each age group, mortality rates did not vary 
by treatment. For example, using cardiac death as the 
endpoint, the mortality rate among patients aged 25 to 
49 years was 4% for the placebo group and 6% for the 
diltiazem group (log rank chi-square test, p = 0.70); for 
those aged 50 to 64 the rates were 10 and 9%, respec- 
tively (p = 0.92); and for those aged 65 to 75 the rates 
were 15 and 16% (p = 0.68). Similar results were ob- 
tained when mortality was restricted to the first year of 
follow-up. 

To further evaluate age-related changes in all-cause 
mortality and cardiac mortality, the effects of preselect- 
ed factors on the patient's outcome were evaluated us- 
ing logistic regression.? Two models were formulated: 1 
with the outcome variable being death from any cause 
and 1 with cardiac death as the outcome. The logistic 
model relates the independent predictor variables to the 
logistic transformation of the probability of death. A 
likelihood of death score was then calculated for each 
individual and residuals were computed by subtracting 
the value of the death score from the patient's outcome. 
Mean residuals were plotted by 5-year age groups. 

The independent effects of the mortality predictor 
variables on cardiac death and mechanism of death 


were estimated using Cox proportional hazards regres- 
sion, which models death (hazard) rates as loglinear 
functions of the explanatory variables.23 For the mecha- 
nism of death analysis, only the 216 deaths due to ar- 
rhythmia or myocardial failure were included, with the 
136 arrhythmic deaths selected as the endpoint and the 
80 myocardial failure deaths censored at the time of 
death. All risk variables were dichotomized at the speci- 
fied cutpoints, except for age, which was classified into 
3 categories. Baseline cholesterol that ranged from 74 to 
503 mg/dl was dichotomized at the overall median val- 
ue of 210. Similar results were obtained during prelimi- 
nary analysis when age, ejection fraction and cholesterol 
were entered as continuous variables. A multivariate 
model similar to that used in the primary analysis!" was 
formulated to identify risk factors for cardiac death. 
The participating hospitals were entered as stratifica- 
tion factors; the 3 blocking variables (number of days 
from AMI to randomization, use of 8 blockers and New 
York Heart Association classification) were included as 
main effects. In addition, since the primary analysis dis- 
covered a significant interaction between the effects of 
treatment and pulmonary congestion by x-ray, we also 
accounted for this interaction. A backwards elimination 
approach was used for the remaining variables. 

The association between all categorical variables was 
measured with the Pearson chi-square statistic,24 Fish- 
er's exact test for 2 X 2 tables? or the odds ratio, ad- 
justed for small numbers when necessary.”° Homogene- 
ity of the odds ratios was tested using the Breslow-Day 
test with 2 degrees of freedom.?’ 

The current report is based on the summary analytic 
database (version 2.0) released April 16, 1988. All anal- 
yses were performed using the Statistical Analysis Sys- 
tem software,** except for the risk stratification models, 
which used the BMDP computer program P2L.29 


RESULTS 

Mechanism of death: Over the entire follow-up peri- 
od, which ranged from 12 to 52 months, there were 333 
deaths among the 2,466 patients. Using the Hinkle- 
Thaler classification,'® the mechanism of death did not 
vary significantly by age group (p = 0.75) (Table II). 

The underlying cause of death was atherosclerotic 
coronary heart disease in 76% (n = 252). Of these pa- 
tients, 136 (63%) were classified as arrhythmic and 80 
(37%) were classified as myocardial failure (Table D. 
One patient classified as dying from an arrhythmic 
mechanism had cardiomyopathy in addition to athero- 
sclerotic coronary heart disease, and the underlying dis- 
ease that caused the death was not clear. Of the 81 
patients classified as dying of circulatory failure, 80 had 
myocardial failure and 1 had circulatory failure due to 
a ruptured atherosclerotic aneurysm. The ratio of ar- 
rhythmic to myocardial failure deaths was not different 
for patients who died within 3 months after randomiza- 
tion compared with later deaths (p = 1.0), and the pro- 
portion of arrhythmic and myocardial failure deaths did 
not vary by treatment or age group (p = 1.0 and p = 
0.70, respectively). There was no evidence that the ratio 
of arrhythmic to myocardial failure deaths varied for 
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Age Group (yrs) 
25-49 


Atherosclerotic 
vascular disease (96) 
Other cardiovascular 
disease (96) 
Noncardiovascular 
disease, e.g. suicide, 
cancer, accident, etc. (76) 
Unknown /uncertain (96) 
Other (%) 
Total 


Mechanism of Death 


Time Between Onset 
of Symptoms and 
Cardiac Death 





Arrhythmic Failure 


<1 hour 100 3 
21 hour 24 74 
Total 124 77 
<24 hours 104 34 
224 hours 20 43 
Total 124 77 


Myocardial 


2 (5) 6 (17) 11 (14) 


3 (8) 1 (3) 5 (6) 


19 (51) 22 (61) 44 (54) 


6 (16) 2 (6) 8(10) 
7 (19) 5(14) 13(16) 
37 36 81 


9595 
Confidence 
Interval 


27.4, 278.4 


3.4, 12.3 


* Corrected for small numbers (0.5 added to each cell). 








Age Group* 





25-49 50—64 





Hinkle-Thaler Category 















due to arrhythmia or 
myocardial failure (76) 





patients with pulmonary congestion compared to those 
without it, and this ratio did not vary significantly be- 
tween treatment groups. In addition, causes of death 
other than atherosclerotic heart disease did not vary sig- 
nificantly by age (Table III, p = 0.20). 

Location of death: About half of all deaths (n — 
172) occurred in the hospital with an additional 13 oc- 
curring in the emergency room. The remainder of the 
patients (148) died out of the hospital, including 8 pa- 
tients who died in a nursing home, hospice or other lo- 
cation. This pattern did not vary by treatment group (p 
— 0.58). Most of the patients who died of an arrhyth- 
mic mechanism (7990) were outside the hospital at the 
time of death, while 7696 of the patients whose death 
was attributable to myocardial failure died in the hospi- 
tal (p = 0.0001). Of the 13 deaths occurring in the 
emergency room, all but 3 were due to myocardial fail- 
ure. Within categories of the mechanism of death, the 
location did not vary by age group (p = 0.72 and p = 
0.54 for arrhythmia and myocardial failure, respective- 


ly). 
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TABLE V Incidence of Myocar 


dial Ischemia Preceding Witnessed Cardiac Deaths 
rapit oorr v Eh Perey eS Baia Re CT AT MEA UR EE 


|. Arrhythmic deaths (76) 5/11 (45) 23/44 (52) 11/36 (31) 39/91 (43) 

Il. Deaths due to 5/6 (83) 30/35 (86) 30/33 (91) 67/74 (88) 
myocardial failure (76) 

Ill. All witnessed deaths 10/17 (59) 56/79 (67) 41/69 (59) 104/165 (63) 


* Number of deaths with ischemia / total number of witnessed deaths in that category. The number of deaths in each category may be less than in Table II since not all deaths were 


65-75 


Time to death after onset of symptoms: The time 
between onset of acute cardiac symptoms and cardiac 
death was undetermined for 15 patients (12 arrhythmic 
and 3 myocardial failure). Of the remaining 201 pa- 
tients (Table IV), the time was «1 hour for 100 pa- 
tients who had an arrhythmic death and for only 3 pa- 
tients who died of myocardial failure. When sudden 
death is defined as death occurring within 24 hours af- 
ter onset of symptoms, 138 deaths occurred suddenly, 
2596 of which were among patients dying of myocardial 
failure. 

Frequency of myocardial ischemia in the terminal 
event: One hundred sixty-five of the 216 cardiac deaths 
were witnessed and had information recorded about evi- 
dence of ischemia. Symptoms of ischemia preceded the 
terminal event in 4396 of the patients with a witnessed 
arrhythmic death and in 88% of the patients whose wit- 
nessed death was due to myocardial failure (Table V, p 
— 0.0001). This pattern did not vary by treatment 
group (p = 0.12), although there was a nonsignificant 
trend indicating less ischemia for the arrhythmic death 





. Ju 
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Type of Death 


ES 


All-Cause Mortality Cardiac 


—————— 


Age Group Total l-year Total l-year 


(yrs) Pts Deaths (96) Deaths (%) 


One- and 2-year mortality rates are Kaplan-Meier estimates. 


patients tresi.d with diltiazem (31 vs 54% of those 
treated with placebo). Within categories of the mecha- 
nism of death, the prevalence of ischemia did not vary 
significantly by age group (p = 0.15 for arrhythmic 
death and p = 0.76 for myocardial failure deaths). 
Survival and reinfarction: To examine age-related 
differences in mortality, Kaplan-Meier survival curves 
were generated for different causes of death. Regardless 
of the endpoint used (total mortality, cardiac mortality, 
arrhythmic death or myocardial failure death), the age- 
specific pattern of mortality was consistent, showing an 
increase in the 1- and 2-year mortality rates with in- 
creasing age (Table VI), and a significant difference be- 
tween age groups in the cumulative probability of sur- 
vival (Figure 1). Survival time patterns were consistent 
with an exponential distribution, and estimated hazard 
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rates increased proportionately with age (e.g., the haz- 
ard rates for cardiac death were 0.00006 for the youn- 
gest patients, 0.00011 for those aged 50 to 64 and 
0.00020 for the oldest group). 

Nonfatal reinfarction rates were similar across age 
groups (8.4% for the youngest and oldest patients, and 
9.1% for those aged 50 to 64), and there were no differ- 
ences in the survival curves comparing time to reinfarc- 
tion (p = 0.90). Within each age group, reinfarction 
rates did not vary by treatment group. 

Risk factors: Selected baseline characteristics were 
compared among the 3 age groups (Table VII). As age 
increased, there was a significant increase in the propor- 
tion of patients with advanced New York Heart Associ- 
ation functional class, pulmonary congestion, low ejec- 
tion fraction, ventricular ectopy, elevated blood urea ni- 






Age 
25-49 


50-64 






65-75 
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5 200 400 cee aoe 1006 1260 1400 1600 
B Time after Randomization (Days) 







Cumulative Proportion Survivin 





D . 79e a coe ses 1008 1206 1400 EJ 
Time after Randomization (Days) 






FIGURE 1. A, curves relating the 3 age groups to all-cause mortality. B, cardiac mortality. C, arrhythmic death. D, death due to 
myocardial failure. Curves are based on Kaplan-Meier survivorship estimates. 
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TABLE VII Baseline Characteristics by Age Group 


Risk Factor 


Preinfarction variables (%) 
Male sex 
Prior AMI 
NYHA class II-lV 
In-hospital variables (%) 
B blockers at randomization 
»5 days from AMI to randomization 
Pulmonary congestion (x-ray) 
>10 VPCs/hr 
BUN >35 mg/dl 
LVEF <0.40 
Acute non-Q-wave infarction 
Acute anterior /lateral Q-wave infarction 
Acute inferior / posterior Q-wave infarction 


* Percent of nonmissing cases. 


Age Group (yrs)* 


25-49 
(n = 499) 


441 (88) 
82 (16) 
56 (11) 


304 (61) 
422 (85) 
62 (13) 
39 (9) 
12 (2) 
116 (26) 
112 (23) 
175 (36) 
204 (42) 


1007 (82) 


268 (22) 
211 (17) 


676 (55) 


1006 (82) 


240 (20) 
168 (16) 
65 (5) 
298 (28) 
324 (27) 
371 (31) 
496 (42) 


523 (71) 
176 (24) 
185 (25) 


328 (44) 
633 (86) 
188 (26) 
155 (24) 

95 (13) 
209 (32) 
201 (28) 
229 (32) 
282 (40) 


BUN = blood urea nitrogen; LVEF = left ventricular ejection fraction; NYHA = New York Heart Association; VPCs = ventricular premature complexes. 









and Mechanism of Death 









Risk Factor* 








Prehospital variables 








































TABLE VIII Contributions of Hypothesized Risk Predictors t 





* All risk factors were dichotomized at the specified cutpoints, except for age which has 3 categories. 
t Relative risk = ratio of the risk of dying per unit of time (hazard rate) for patients with factor present, to ris 
tients dying of other causes were censored at the time of death. For the endpoint of arrhythmic death, patien 
+ p «0.05. C.I. = confidence interval. Other abbreviations as in Table VII. 








Relative Risk 


(95% C.l.) 


for Cardiac Death 








o the Univariate Cox Proportional Hazards Models for Cardiac Death 


Relative Risk 


for Arrhythmic Death 
(95% C.l.) 


k for patients with factor absent. For the endpoint of cardiac death, pa- 
ts dying of myocardial failure were censored at the time of death. 












Age group 1.7 (1.4, 2.1} 1.1 (0.8, 1.4) 
Male sex 1.0 (07, 1.4) 1.3 (0.8, 2.1) 
Race (black) 1.1 (0.7, 1.6) 0.7 (0.4, 1.3) 
Prior AMI 3.2 (2.5, 4.1)* 1.1 (0.8, 1.5) 
NYHA II-IV 2.8 (2.1, 3.6)* 1.1 (0.7, 1.5) 
Cigarette smoking 0.8 (0.6, 1.0) 0.8 (0.6, 1.2) 
(1 mo. before adm.) 
Education <10 years 1.3 (1.0, 1.8)# 1.0 (0.7, 1.5) 
In-hospital variables 
B blockers 0.3 (0.2, 0.4)* 0.9 (0.6, 1.3) 
>5 days from AMI 1.0 (0.7, 1.3) 1.0 (0.6, 1.6) 
randomization 
Pulmonary congestion (x-ray) 3.2 (2.5, 4.1)* 1.0 (0.7, 1.4) 
Pulmonary rales 2.7 (2.1, 3.4)* 1.2 (0.8, 1.7) 4 
>10 VPCs/hour 3.1 (2.3, 4.1)* 1.1 (0.7, 1.6) 4 
BUN »35 mg/dl 3.7 (2.7, 5.0) 1:10; 1.7) 
LVEF «0.40 4.6 (3.5, 6.0)* 1.7 (1.2, 2.5)* 
Acute non-Q-wave infarction 0.8 (0.6, 1.1) 0.9 (0.6, 1.4) 
Acute anterior /lateral 1.8 (1.4, 2.3)* 1.1 (0.7, 1.5) 
Q-wave infarction 
Acute inferior / posterior 0.7 (0.5, 0.9)* 1.0 (0.7, 1.5) 
Q-wave infarction 
Diastolic blood pressure 290 mm Hg 1.1 (0.9, 1.5) 0.8 (0.6, 1.2) 
Cholesterol <210 1.4 (1.1, 1.9) 1.6 (1.1, 2.4)* 
Treatment (Diltiazem) 1.0 (0.8, 1.3) 1.0 (07, 1.4) 


trogen and history of prior AMI, an increase in the late a likelihood of death score for each patient. Exami- 
proportion of women and a decrease in those receiving 8 nation of the residuals indicated that the models slightly 
blockers. With the exception of history of prior AMI, overestimate the probability of death for the younger 
all of these risk factors as well as treatment group anda age groups and slightly underestimate the probability of 
term for the interaction between treatment and pulmo- death for the oldest patients, although the magnitude of | 
| UU ity congestion were entered as independent variables the mean residuals was small (range —0.12 to 0.07 for ^ 
v X into logistic regression models to predict death from any all deaths, and —0.10 to 0.06 for cardiac deaths). 
cause and death from atherosclerotic heart disease. The To identify risk factors predictive of the mechanism 
fit of the models was good (p = 0.34 and 0.78, respec- of cardiac death, we first compared the arrhythmic 
tively), and the parameter estimates were used to calcu- death group with the myocardial failure group in terms 
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of the baseline variables as well as age, treatment, race, 
pulmonary rales, cigarette smoking, education, diastolic 
blood pressure and cholesterol. There were no signifi- 
cant differences (at p <0.05) between groups although 
there was a nonsignificant trend toward more men in 
the arrhythmic death group (85 vs 74%, p = 0.07) and 
more patients with low left ventricular ejection fraction 
(67 vs 55%, p = 0.12). Each variable was then exam- 
ined for its univariate effect on the mechanism of death 
and on cardiac mortality; these results are listed in Ta- 
ble VIII. 

Since age as well as several other variables were 
each univariate predictors of cardiac death, the effects 
of these risk predictors were then estimated using a 
multivariate model. Age, low ejection fraction, history 
of prior AMI and premature ventricular complexes 
=10/hour (all p <0.05) remained independent predic- 
tors of cardiac death after the main effects were esti- 
mated (Table IX). The relative risk of 1.5 for age indi- 
cates that after the effects of the other variables are 
taken into account, there is a 50% increase in risk of 
cardiac death for older patients compared to the middle 
age group and for middle age compared to the youngest 
patients, and a doubling of the risk for the oldest pa- 
tients compared to the youngest (relative risk = 2.2). 


DISCUSSION 

In this study of a postinfarction population, we com- 
pared prognosis, risk predictors, mechanism of death, 
presence of ischemia in the terminal event and location 
of death in patients aged 65 to 75 at the time of enroll- 
ment with that of patients aged 50 to 64 and 25 to 49. 
We found that the older group of patients had a greater 
incidence of risk predictors including a history of prior 
myocardial infarction, advanced New York Heart As- 
sociation classification before the index infarction and 
reduced left ventricular function as evidenced by low 
ejection fraction and pulmonary congestion by x-ray. A 
greater proportion of the older group had ventricular 
ectopic activity. Nevertheless, the effect of age still per- 
sisted as an independent risk predictor using a multivar- 
iate model. This observation has been made previously 
but few studies included a numerical measurement of 
left ventricular function such as left ventricular ejection 
fraction,!9.139 and only the report of Nicod et al2° in- 
cluded data on ventricular ectopy in a large postinfarc- 
tion population including elderly patients. 

The reason that age is an independent risk predictor 
remains unexplained. It is possible that an important 
unmeasured risk factor is the presence of a higher inci- 
dence of significant multivessel coronary obstruction in 
the older patients. This would be anticipated as the age 
of the patient increases?! However, we could not find 
an indication of this in a higher incidence of reinfarction 
since there was a similar proportion of the younger and 
older groups of patients who had reinfarction. 

Since this was an intervention trial, it is possible that 
the enrollment was not proportional with regard to age 
and possibly other risk factors and that a selection bias 
could have altered the results and account for the higher 
mortality in the elderly. The percentage of patients who 
were eligible for the study but who were excluded for 


THE AMERICAN JOURNAL OF CARDIOLOGY MARCH 1,1990 565 


TABLE IX Independent Contributions of Risk Predictors for 
Cardiac Death 





Relative Risk 

Risk Factor (95% C.l.) 
Preinfarction variables 

Age group (yrs) 1.5 (1.2, 1.9)* 

Prior AMI 1.9 (1.3, 2.6)* 

NYHA II—IV 1.7 (1.2,;2:4)* 
In-hospital variables 

B blockers 0.4 (0.3, 0.6)* 

>5 days from AMI 1.2 (0.8, 1.8) 

to randomization 

210 VPCs/hour 1.6 (1.2, 2.3)* 

LVEF «0.40 2.6 (1.9, 3.7)* 

Pulmonary congestion (x-ray) 0.9 (0.6, 1.4) 

Treatment (diltiazem) 0.8 (0.5, 1.2) 

Interaction between 2.4 (1.3, 4.5)* 


treatment and 
pulmonary congestion 


Abbreviations as in Table VII and VIII. 
TABLE X Selection of Study Participants, by Age 


Age group (yrs) 










25-49 
2,041 


50-64 





No. meeting infarction 













eligibility 
No. eligible-excluded patients 1,542 4,940 4678 11,160 
(%)* 
% receiving calcium 31 32 30 31 
antagonists 
% patient refusal 18 18 18 18 
% cardiac surgery! 11 11 9 10 
% logistical reasons! 13 10 8 10 
% physician refusal! 6 7 8 7 
% othert 21 22 26 23 
Randomized 










* Refers to hospital admissions. Patients may be counted more than once. t Pro- 
portion of patients excluded for these reasons varied by age group. 
% = number of patients with that exclusion /number of eligible-excluded patients. 







various reasons differed by age (Table X). It is difficult 
to assess the effect of this selection process on subse- 
quent mortality. The higher percentage of patients ex- 
cluded in the older age group because of physician re- 
fusal or other reasons could possibly have excluded the 
more seriously ill patients, thereby favoring a lower 
mortality in the older patients who entered the trial. 
To our knowledge, this is the first time that the 
mechanism of death has been specifically analyzed by 
age group. There was a nonsignificant age-related trend 
toward a decrease in the proportion of patients who died 
of an arrhythmic mechanism and a tendency toward an 
increase in deaths due to myocardial failure (Table IT). 
It was found that the time between onset of symptoms 
and cardiac death 21 hour after onset of symptoms was 
ascribed to an arrhythmia in 24 of 98 patients and an 
arrhythmic mechanism was thought to be the cause of 
death in 20 of 63 patients who died 224 hours 
after onset of symptoms. This confirms the impression, 
reached from the Multicenter Post Infarction Prográrt 
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The overall incidence of ischemia preceding wit- 
nessed deaths due to an arrhythmic mechanism or due 
to myocardial failure was 63% and was not age-related. 
This finding emphasizes the importance of ischemia as 
an underlying preceding event that may trigger the fatal 
arrhythmia or myocardial failure in this postinfarction 
population. 

The finding that the location of death was not age- 
related was surprising. It was expected that the older 
group would have fewer symptoms such as chest pain 
and therefore a greater percentage of the elderly pa- 
tients would die outside the hospital. This hypothesis 
was based on the information that absence of chest pain 
appears to be more common in the elderly with myocar- 
dial infarction.?? 

Significance: The proportion of older patients with 
AMI will increase as our population ages. At the pres- 
ent time more than half the patients each year who are 
diagnosed as having an AMI are older than 65 years of 
age. The fastest growing segment of the population in 
the United States is that over the age of 85.% Yet much 
of our knowledge relating to prognosis after AMI is 
based on a younger population. Few studies have per- 
formed this type of analysis specifically directed toward 
an older age group. The present data should be useful in 
the studies designed to lower the 1- to 2-year mortality 
in the elderly after an AMI. For example, the fact that 
arrhythmic mechanism of death has a similar incidence 
in the older age group or that there is a similar inci- 
dence of ischemia preceding death in the elderly popula- 
tion indicates that any attempt to lower mortality after 
AMI must take these factors into consideration. 
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In a prospective series of 201 consecutive patients 


with creatine kinase-MB-documented acute myo- 
cardial infarction (AMI), postadmittance and 
predischarge echocardiographic wall motion index- 
es (WMI) were determined (median 45 hours vs 14 
days after AMI). No significant change of left ven- 
tricular systolic performance was found between 
postadmittance and predischarge examinations in 
179 survivors (WMI 1.3 + 0.4 vs 1.4 + 0.4, p 
>0.05). Hospital mortality was 11% (22 of 201), 
cumulated 2-month mortality 15% (31 of 201) and 
cumulated 1-year mortality 26% (52 of 201). Mor- 
tality increased rapidly with decreasing left ventric- 
ular function as determined by WMI. When early 
WMI was <1.0, 1-year mortality was 51% (28 of 
55) versus 8% (7 of 83) when WMI was >1.3 (p 
<0.0001). Ventricular fibrillation (n = 24) and car- 
diogenic shock (n = 27) carried a much better prog- 
nosis when WMI showed good left ventricular func- 
tion. When WMI was <1.0, 1-year mortality was 
83% (10 of 12) versus 93% (13 of 14) in ventricu- 
lar fibrillation and cardiogenic shock, respectively, 
whereas it was 0% (0 of 4) versus 33% (2 of 6) 
when WMI was >1.3. In 15% of patients major 
discrepancies between early Killip class and WMI 
were noted. WMI showed much smaller fluctua- 
tions during the hospital course of AMI than did 
Killip class and appeared to be a more stable prog- 
nostic marker. Large-scale, early risk stratification 
by echocardiography has now become available 
and appears to facilitate a rational, individualized 
discharge policy in the coronary care unit and to 
provide an improved basis for randomization of pa- 
tients in controlled studies aimed at tailoring new 
treatment in AMI. 

(Am J Cardiol 1990;65:567-576) 


From the Medical Department C, Cardiac Division, Coronary Care 


Unit C40, Glostrup University Hospital, Copenhagen, Denmark. This 
study was supported in part by a grant from the Danish Heart Founda- 
tion. Manuscript received March 17, 1989; revised manuscript received 
and accepted November 6, 1989. 

Address for reprints: J. Berning, MD, Medical Department B, 
Rigshospitalet, University Hospital of Copenhagen, Blegdamsvej 9, 
Copenhagen, DK-2100, Denmark. 


cardial infarction (AMI) could be used more effi- 

ciently if methodology for early reliable risk 
stratification became routinely available. This would 
allow early discharge to be practiced when associ- 
ated with an acceptably low risk and constitute a ratio- 
nal base for early aggressive therapy in high-risk pa- 
tients. 

Prognostic indexes comprising a composite of clini- 
cal variables are valuable for the identification of the 
accumulated risk associated with various clinical find- 
ings and infarct complications, and have repeatedly un- 
derscored the close connection between heart failure 
and adverse prognosis.? However, by nature clinical 
events signifying high risk have to occur before they can 
be incorporated into an index, which accordingly re- 
quires observation time to obtain prognostic power.!-4 
Furthermore, interobserver variability in the recognition 
of clinical heart failure is considerable and discrepancies 
between symptoms and signs of presence or severity of 
clinical heart failure and objective measures of myocar- 
dial failure are not infrequent and complicate the is- 
sue,>~!2 

Early measures of left ventricular global systolic per- 
formance appear to be strong prognostic predictors in 
AMI. They can be obtained immediately or shortly af- 
ter the arrival of the patient to the coronary care 
unit.!3-1? There is evidence that at present echocardiog- 
raphy is the least expensive and most readily available 
of the imaging methods for objective characterization of 
left ventricular systolic performance and that the value 
of wall motion analysis for prognostication in AMI is 
comparable with that of left ventricular ejection frac- 
tion as determined by radionuclide ventriculog- 
raphy.?2? This is important since wall motion index 
(WMI) appears to be the most generally available echo- 
cardiographic measure of left ventricular global func- 
tion in AMI.!&?! 

The purposes of this study were to examine the fea- 
sibility of early, routine echocardiographic determina- 
tion of global left ventricular function in terms of WMI 
in a large consecutive series of patients with AMI, to 
determine the distribution of WMI in this unselected 
population admitted from a circumscript region in the 
prethrombolytic era and to analyze the relation between 
early WMI and short-term prognosis in terms of com- 


R 5s allocated to treatment of acute myo- 
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plications and mortality in-hospital, at 2 months and at 
1-year follow-up. 


METHODS 

Patients: INCLUSION: A prospective, consecutive s€- 
ries of 201 patients with creatine kinase-MB-document- 
ed AMI were studied from October 1985 to August 
1986. There were 145 men (median age 60 years, range 
38 to 89) and 56 women (median age 66 years, range 
35 to 90). All patients were examined in the coronary 
care unit of Glostrup Hospital, a surburban university 
hospital in Copenhagen with virtually complete regional 
referral (population about 300,000). No patient re- 
ceived thrombolytic treatment or routine 6 blockade. 
No patient underwent coronary angioplasty or bypass 
procedures in the period of observation. 

EXCLUSION: Another 57 patients treated for AMI 
during the period of the study were not included in the 
study group because of death before echocardiographic 


«0.7 0.8- 1.1- 1.4- 21.7 WMI 


«0.7 0.8- 1.1- 1.4- 21.7 WMI 





FIGURE 1. Distribution of wall motion at postadmittance (A) 
and predischarge echocardiographic examination (B) in 179 
patients discharged alive. The distributions were not 
significantly different (p >0.05). WMI = wall motion index. 
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examination (26), admittance >72 hours after infarc- 
tion (12), doubtful initial diagnosis (11) or concurrent 
valvular or myopathic disease (8). 

Study procedure: All patients were examined by 2- 
dimensional echocardiography between 12 and 72 hours 
(median 45) after AMI. All surviving patients were re- 
studied at discharge 3 to 36 days after AMI (median 
14). The patients were electrocardiographically moni- 
tored throughout their hospital stay and remained in the 
coronary care unit until discharge. 

A Toshiba 60A echocardiograph equipped with a 
3.5-MHz transducer was used. Patients were examined 
in the supine and left lateral decubitus position and the 
heart imaged through multiple acoustic windows (para- 
sternal longitudinal and cross-sectional, apical 4- and 2- 
chamber, subxiphoid 4-chamber and cross-sectional). 


«2-1-4142 43 44 >+.4 WM units 


2.5 WMM 





FIGURE 2. A, change of wall motion index (WMI) from first 
(median 45 hours) to second examination (median 14 days) in 
179 surviving patients with AMI. Assuming a 95% confidence 


tion as often as an improvement, B, scatter plot showing rela- 
tion between wall motion index recorded after admittance 
(WMI1) and predischarge (WMI2). r = 0.85. 
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AMI = acute myocardial infarction; NS = not Significant. 


All examinations were recorded on videotape. 

WMI was determined using a 9-segment model as 
originally described by Heger et al.22 The motion of in- 
dividual segments was semiquantitated as follows: nor- 
mal kinesia: +2; hypokinesia: +1; akinesia: 0; paradoxi- 
cal motion: —1; and hyperkinesia: +3. When a segment 
was visualized in >1 projection an average score of that 
segment was determined (ie., when all 9 segments 
could be visualized in all projections the 35 score values 
that were determined initially were averaged to 9 
scores). The mean of the 9 scores constituted WMI, an 
expression of average wall motion of the left ventricle 
and thus a measure of global left ventricular function. 
WMI shows a linear relation with left ventricular ejec- 
tion fraction.202! 

Based on the electrocardiographic infarct localiza- 
tion, patients were divided into groups with anterior, 
inferoposterior, combined anteroinferior and indetermi- 
nate site of AMI. 

Ventricular fibrillation was diagnosed when the elec- 
trocardiogram showed absence of QRS complexes and 
T waves and presence of symmetric low-amplitude base- 
line undulations with variation in both amplitude and 
periodicity lasting >10 seconds. 

Killip class was defined according to published crite- 

ria.? 
Cardiogenic shock was defined as a systolic blood 
pressure of S80 mm Hg for >30 minutes and clinical 
signs of severely reduced peripheral circulation unrelat- 
ed to severe pain, bradycardia or ectopic tachycardia. 

The discriminating value of creatine kinase-MB for 
the diagnosis of AMI was >30 IU/liter, according to 
previously established criteria.2? 

Statistical analysis: Differences between proportions 
were analyzed by Fisher's exact test. When appropriate, 
95% confidence intervals of proportions were given. A 
chi-square test was used for detection of significant dif- 
ferences between distributions of WMI. Analysis of 
variance was used for the detection of differences be- 
tween means. Descriptive statistics were given as medi- 
an values and ranges, when normal distribution could 
not be assumed. Differences were analyzed by the 
Mann-Whitney test. 
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TABLE I Wall Motion Index by Echocardiography in AMI 
p Values 


Time of Examination No. Median Range 


Examination 1 (all patients) 201 1.3 


Examination 1 (discharged alive) 179 1.3 
Examination 2 (discharged alive) 179 1.4 
No. of AMIs 
First AMI 149 1.3 
Second to fifth AMI 52 1.1 
Site of AMI 
Anterior 79 Ll 
Inferior 76 KZ 
Combined 27 Pj 
Indeterminate 19 1:2 
Sex 
F 56 1.2 






(Difference of 
Distribution) 






0.3-2.4 













0.5-2.4 

0.5-2.2 

0.3-2.4 

0.5-1.9 <0.03 

0.3-1.7 <0.00001, <0.04, <0.0001 
0.4-2.4 <0.004, 0.004 

0.5-2.0 NS 

0.5-2.4 








RESULTS 

Feasibility of echocardiographic measurements: 
WMI was obtained in all patients although not all pro- 
jections were visualized and not all segments were visu- 
alized in all projections or with the same image quality 
in all projections. Poor image quality was compensated 
for by repeated scanning and extended examination 
time. 

Inter- and intraobserver variation: For interobserver 
variation, 20 of 387 videotaped recordings were ran- 
domly selected for independent examination by 2 ob- 
servers. The results were compared by correlating the 
observations of observer 1 with those of observer 2. In- 
traobserver variation was determined by comparing re- 
sults of 20 randomly selected old examinations with re- 
sults of blinded reevaluation by the same observer who 
performed the original examination. The standard devi- 
ations of the mean difference between paired observa- 
tions were + 0.09 and + 0.12 WMI units for inter- and 
intraobserver variation, respectively, which means that 
the 95% confidence limit for a single determination of 
WMI obtained by evaluation of the same videotaped 
images is in the order of + 0.20 and + 0.25 WMI units, 
respectively. 

Distribution of wall motion index in AMI: ACCORD- 
ING TO EARLY AND PREDISCHARGE EXAMINATIONS (ALL PA- 
TIENTS): The distribution of WMI for the total patient 
group with AMI at early and predischarge echocardio- 
graphic examinations is shown in Figure 1. The distri- 
butions were not significantly different (p >0.05), re- 
flecting little overall change of wall motion from first to 
second examination. Median WMI was 1.3 at admit- 
tance and 1.4 at predischarge (Table I) (difference not 
significant). 

Changes of WMI from first to second examination 
in 179 surviving patients are in Figure 2A. In 80%, (75 
to 84%, 95% confidence limit) of cases the change did 
not exceed £0.2 WMI units. The correlation between 
WMI at first and second examination is in Figure 2B 
(r = 0.85, mean difference between paired measure- 
ments 0.015 WMI units). A considerable part of the 
difference seems to be explained by variation of obser- 
vations. 
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ACCORDING TO LOCALIZATION OF INFARCTION: WMI 
was highest in isolated inferior myocardial infarction or 
AMI of indeterminate localization, lowest in anterior 
and combined anterior and inferior AMI (Table I). 
WMI distributions according to localization of infarc- 
tion are in Figure 3. All distributions differed signifi- 
cantly (p «0.0001) (Table I). 

ACCORDING TO NUMBER OF INFARCTIONS: WMI was 
higher in patients with first compared to patients with 
prior infarction (Table I). The corresponding wall mo- 
tion distributions are in Figure 4. (p <0.03). 

ACCORDING TO SEX: WMI was lower in women than 
in men, but the difference did not reach statistical sig- 
nificance (p = 0.41); however, total mortality did (Fig- 
ure 5, Table I). 

Clinical complications according to wall motion dis- 
tribution: HEART FAILURE, MORTALITY: Killip class I was 
the worst Killip class at admission and at first examina- 
tion in 129 patients and 54 patients were in class II. 
Wall motion distribution in Killip class I and II is in 


A: Anterior AMI 


«0.7 0.8- 1.1- 1.4- 21.7 WMI 


C: Antero - inferior AMI 


«0.7 0.8- 1.1- 1.4- 21.7 WMI 






Figure 6. Overall mortality in Killip class I was lower 
than in Killip class II. Within each class mortality in- 
creased with decreasing WMI. 

CARDIOGENIC SHOCK, VENTRICULAR FIBRILLATION, MOR- 
rALITY: The course of AMI was complicated by cardio- 
genic shock in 27 patients and by ventricular fibrillation 
in 24 patients. WMI in relation to mortality from car- 
diogenic shock and ventricular fibrillation is shown in 
Figure 7. Mortality increased with decreasing WMI. 
Eight patients had ventricular fibrillation >72 hours af- 
ter AMI. Five of these patients had WMI «1.0. In this 
group l-year mortality was 100%, whereas there were 
no deaths in the 3 patients with late ventricular fibrilla- 
tion and WMI >1.0. 

TOTAL MORTALITY: The relation between early WMI 
and mortality in the hospital, at 2 months and at 1 year 
is shown in Figure 8. Altogether 22 (11%, range 7 to 
16%, 95% confidence limit) patients died during hospi- 
talization, 9 (5%, range 2 to 8%, 95% confidence limit) 
within 2 months of discharge and 22 (11%, range 7 to 


B: Inferior AMI 


«0.7 0.8- 1.1- 1.4- 21.7 WMI 


D: Indeterminate site 


N = 19 
N=7 


<0.7 0.8- 1.1- 1.4- 21.7 WMI 





FIGURE 3. Distribution of wall motion at early echocardiographic examination according to electrocardiogr aphic infarct location. 
A, anterior acute myocardial infarction (AMI), B, inferoposterior AMI, C, combined anteroinferior AMI, D, indeterminate infarct 


site. All distributions are si 


570 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


different (p <0.0001). WMI = wall motion index. 


Iv 


16%, 95% confidence limit) within 1 year. In-hospital 
mortality was 15 of 55 (27%) versus cumulated 1-year 
mortality 28 of 55 (51%) when WMI was <1.0 on ad- 
mittance. In-hospital mortality was 3 of 83 (4%) versus 
cumulated 1-year mortality 7 of 83 (8%) when WMI 
was >1.3. 

Wall motion index in excluded patients: WMI was 
not measured systematically in patients not included in 
the investigation, in the 20 patients dying early in clini- 
cal shock or in the 12 survivors transferred late from 
other hospitals after AMI. There was no mortality at 2 
months in these 12 survivors. There were 2 deaths 
among the patients excluded with a doubtful diagnosis 


1st AMI 


<0.7 0.8- 1.1- 
2nd - 5th AMI. 


1.4- 21.7 WMI 


0 — 
B «x07 0.8- 1.1- 1.4- 21.7 WMI 





FIGURE 4. Distribution of wall motion in groups of patients 
with AMI according to number of prior infarctions. A, first 
AMI. B, second to fifth AMI. The distributions were signifi- 
cantly different, showing a deterioration of global systolic 
performance with an increasing number of infarctions. 
Abbreviations as in Figure 3. 








of AMI and another 4 deaths in patients excluded due 
to the presence of complicating diseases. 


DISCUSSION 

Methods for noninvasive quantification of myocar- 
dial damage in the acute stage of infarction: Several 
methods have been used for the noninvasive quantifica- 
tion of myocardial damage in the acute stage of AMI. 
Classical clinical measures of heart failure (rales, dia- 
stolic gallop, distension of neck veins) are of fundamen- 
tal significance for assessment and treatment of patients 
with AMI. However, discrepancies between clinical esti- 
mates of the severity of heart failure and objective mea- 
surements of left ventricular systolic performance are 
not infrequent.?-5.24-26 


«0.7 0.8- 1.1- 1.4- 21.7 WMI 


Females 


«0.7 0.8- 1.1- 1.4- 21.7 WMI 


FIGURE 5. Distribution of wall motion according to sex. No 
statistically significant difference was noted; however, there 
was a trend toward a poorer function in women. Total mortali- 
ty in the female group was higher than in the male group (16 
versus 9% p <0.05). Abbreviation as in Figure 1. 


THE AMERICAN JOURNAL OF CARDIOLOGY MARCH 1, 1990 571 


4 





ai 


pu: lb bo" 
CA ye 
& Ht ME a 


> 


SH 


Lai i 38 79 .- EN " 
eT rete Ia e TL LAUNE 


PD. 








TEEN 


VES 











Furthermore, the registration of clinical signs of 
heart failure may be subject to larger interobserver vari- 
ability than generally appreciated.'? 

Several studies have evaluated the ability of clini- 
cians to estimate left ventricular ejection fraction based 
on simple clinical variables.!?27-?? Although this is pos- 
sible for groups of patients, it appears from the same 
studies that the accuracy of the methods for evaluation 
of left ventricular ejection fraction in the individual pa- 
tient is not good. 

Maximum creatine kinase-MB values during the 
course of infarction give an inaccurate estimate of the 
amount of left ventricular damage in case of prior myo- 
cardial infarction or a right ventricular infarct compo- 
nent. Enzymes do not permit evaluation of the perfor- 
mance of the noninfarcted myocardium or of remodel- 
ing and do not contain structural information. More 
accurate determination of infarct size requires inspec- 


Early killip class 1. 


[] 1 year survival 
1 year mortality 
2 months mortality 
W in hospital mortality 


«1.0 10-13  »1.3 WMI 


Early killip class 2. 


O 1 year survival 

1 year mortality 

£4 2 months mortality 
B In hospital mortality 


«1.00 310-13 >1.3 WMI 





FIGURE 6. Mortality in cardiogenic shock and ventricular fi- 
brillation according to WMI. A, cardiogenic shock. Mortality 
at 1 year was 33, 71 and 93%, respectively, in 3 discriminant 
WMI intervals indicating mildly, moderately or severely de- 
pressed performance of the left ventricle. B, mortality after in- 
hospital ventricular fibrillation was 0, 25 and 83% in the 
same 3 discriminant WMI intervals, which corresponds to left 
ventricular ejection fraction ^40, 30 to 40 and «3075, 
respectively. Abbreviation as in Figure 1. 
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tion of the entire enzyme release curve, and is therefore 
of limited value for early decisions concerning interven- 
tions. In the 149 patients with first myocardial infarc- 
tion in the present study a weak negative correlation 
was observed between maximal creatine kinase-MB val- 
ue and early WMI (r = —0.32). 

QRS scores obtained from standard 12-lead electro- 
cardiograms are rough estimators of myocardial dam- 
age, useful in groups of patients, but inaccurate when 
applied at an individual level.?!.?? 

Radionuclide ventriculography allows measurement 
of left ventricular ejection fraction, volumes and wall 
motion, but intravenous injections of isotopes are re- 
quired and computer facilities are necessary. Although 
equilibrium radionuclide ventriculography may give 
more reproducible results than other imaging methods 
for quantitation of left ventricular ejection fraction, this 
degree of accuracy is obtained at a relatively high cost 
and may be of little additional significance for prognos- 
tication in AMI. Van Reet found that radionuclide ven- 
triculography and 2-dimensional echocardiography 
were of similar value for this purpose.?? Structural in- 
formation is scanty or lacking and resolution is inferior 
to that of ultrasound. Arrhythmias may invalidate the 
test. The necessary portable equipment is not generally 


Cardiogenic shock 


[] 1 year survival 
1 year mortality 
2 months mortality 
W in hospital mortality 


«10 10-13 >1.3 WMI 


Ventricular fibrillation 


[] 1 year survival 
1 year mortality 
fA 2 months mortality 
W in hospital mortality 
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FIGURE 7. Within Killip class I and Il mortality was closely 
correlated with the level of WMI. A, mortality in Killip class | 
at 1 year was 6, 22 and 35% in the 3 WMI intervals, indicat- 
ing mildly, moderately or severely depressed performance of 
the left ventricle. B, in Killip class Il mortality was 38, 29 and 
48% in the same WMI groups. Abbreviation as in Figure 1. 
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available in coronary care units for examination in the 
acute setting.!™?! The handheld nuclear stethoscope has 
been successfully applied to measure left ventricular 
ejection fraction and transit times, but does not record 
wall motion, does not give volumes or structural infor- 
mation and requires the injection of isotopes." 

Compared to radionuclide techniques the echocar- 
diographic wall motion examination offers the advan- 
tages of rapidity, immediate availability, lower cost and 
the fringe benefit of comprehensive information on 
structural consequences of myocardial ischemia and of 
cardiac differential diagnoses.^35 Furthermore, the 
echocardiographic examination of wall motion gives si- 
multaneous measures of the function of the infarcted 
and noninfarcted myocardium by direct inspection. By 
simple bedside observation of segmental function, an es- 
timate of the net balance between function and non- 
function of the left ventricle (i.e., residual global func- 
tion) can be obtained and functional infarct size, infarct 
expansion and remodeling evaluated.!?.21.36 

Several studies have examined the contribution of 
early echocardiographic measurement of wall motion to 
short-term prognosis in AMI.!?-16/8.37 Most of these 
studies were either of small size or were performed with 
early equipment so that the examination was not techni- 
cally feasible in a considerable number of patients.!4-!6 
Two recent larger studies were either nonconsecutive, 
performed in referral hospitals, comprised retrospective 
evaluation of videotaped recordings or did not report 
clinical correlations. Thus, selected populations may 
have been studied, not representative of a cross-section 
of the entire population with AMI.!937 

As opposed to this, in a strictly prospective study, we 
examined a consecutive, unselected series of patients 
with AMI admitted from a well-defined region. 
easibility of measurement: WMI was obtained in 
atients, even in those with pulmonary disease and 
chests, but not all wall segments were visualized in 
all patients in all projections. Thus, with the latest gen- 
eration of echocardiographic equipment a major limita- 
tion of the method is becoming less significant. 

Inter- and intraobserver variability: A close inter- 
and intraobserver relation was present (r values close to 
1.0), but the differences between paired measurements 
were moderately high and identity as judged from the 
y-intercept (y = x relation) was less than perfect, under- 
lining the somewhat semiquantitative character of the 
determinations, which, however, appear adequate for 
the extraction of physiologic information. !?:18-2234.37 
Only 2 experienced observers performed all examina- 
tions, which was probably an important factor in keep- 
ing interobserver variation at a minimum. 

Wall motion distribution in subsets of patients with 
acute myocardial infarction: The distributions in Fig- 
ures 1 to 7 show the feasibility of characterizing global 
left ventricular function of an unselected population 
with AMI by ultrasonic wall motion analysis. 

WMI distribution and median WMI at examination 
on admittance and predischarge are shown in Figure 1 
and Table I. Only 20% of 179 hospital survivors showed 








significant changes of WMI with an equal share in both 
directions (Figure 2). Thus, as did Nishimura et al, 
we found that the overall change of global left ventricu- 
lar function from first to second examination was rela- 
tively small, in keeping with the theory that ischemic 
damage to the myocardium takes place within the first 
few hours of AMI and that—as a main rule—the acute 
event is followed by little myocardial regeneration in the 
first 2 weeks. This, however, does not exclude the occur- 
rence of considerable metabolic and contractile restitu- 
tion in a minority of patients or of infarct extension in 
others. Also, other investigators using radioisotope tech- 
nique reported little change of left ventricular ejection 
fraction from 24 to 48 hours after infarction to dis- 
charge, but early routine thrombolytic treatment may 


have changed this relation.?53? 


WMI was lower after anterior than inferior AMI (p 
<0.05). No patients in the group with anterior AMI 
had normal global left ventricular function (Figure 3A 
and B). Anterior infarcts involved more segments and 
usually affected the apical region of the left ventricle, 
whereas inferior infarcts did not. This is in keeping with 


previous experience.?!.22.34,35 


Cumulated mortality 


e In hospital 
o 2 months 
o 1 year 


Total number of patients 


FIGURE 8. Cumulated mortality in-hospital, at 2 months and 
at 1 year after AMI was plotted as a function of WMI. Mortal- 
ity increased rapidly with decreasing myocardial performance 
(decreasing WMI). Mortality in the patients with early WMI 
71.0 was low at 2 months, but substantial at 1-year follow-up 
(about 30%). This might reflect a progression of ischemic 
myocardial damage (reinfarction, asymptomatic ischemic pro- 
gression) over the period of observation in an unintervened 
group of patients after AMI, so that the patients at the actual 
time of death were in a lower WMI group than indicated. (Em- 
pirically WMI can be substituted by left ventricular ejection 
fraction: an increment of WMI of 0.1 WMI unit corresponds 
roughly to an increment of left ventricular ejection fraction of 
3%). Abbreviations as in Figure 3. 
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The subset of patients with combined anterior and 
inferior AMI comprised several patients with infero- 
lateral infarction with little effect on left ventricular 
global function, explaining a number of high WMIs in 
this group (Figure 3C). In patients with AMI of inde- 
terminate localization, the distribution had 2 maxima 
corresponding to 2 different groups of patients: 1 with 
low WMI caused by large anterior infarction with con- 
cealed infarct localization due to left bundle branch 
block or to diffuse 3-vessel disease with unspecific T- 
wave changes and another with normal WMI associ- 
ated with small subendocardial infarctions (Figure 3D). 
A history of several prior infarctions meant lower WMI 
compared to first infarction, as expected (p <0.03) 
(Figure 4). 

The WMI distribution of the 56 women was similar 
to that of the group with second to fifth infarction, 
whereas the distribution of the 145 men was parallel to 
that of patients suffering their first AMI (Figures 4 and 
5). In-hospital mortality in the female group was 16%, 
versus 9% in the male group. These trends may signify 
that women have more advanced and more silent or ne- 
glected ischemic heart disease when they are admitted 
to the hospital. 

Figure 6 shows that early clinical evaluation of the 
status of the left ventricular myocardium as judged by 
the presence or absence of clinical signs of heart failure 
is often discrepant with objective measures. This applies 
particularly to the group of patients with poor left ven- 
tricular function. When the relation between early 
WMI and early Killip class was analyzed, it appeared 
that 17 of the patients (31%, range 19 to 45%, 95% 
confidence limit) with WMI <1.0 showed no signs of 
cardiac failure during the early course of AMI. Of these 
patients, 6 (11%, range 4 to 22%, 95% confidence limit) 
received treatment at admission due to symptoms of pri- 
or heart failure, whereas 11 patients (20%, range 10 to 
32%, 95% confidence limit) never had signs of heart 
failure at all. In contrast, 11 patients with WMI >1.3 
(15%, range 8 to 25%, 95% confidence limit) did show 
signs of early congestive heart failure, despite the pre- 
served myocardial performance. Major discrepancies 
(ie., clinical signs of heart failure in the presence of 
normal or mildly depressed myocardial performance or 
absence of heart failure in the face of severe myocardial 
depression) between clinical signs of congestive failure 
and objective measurement of left ventricular systolic 
performance at the time of first echocardiographic ex- 
amination were seen in 30 patients (altogether 15%, 
range 10 to 20%, 95% confidence limit). In another pop- 
ulation Gadsbgll et al!? found that in 12% of patients 
clinicians made serious mistakes when trying to esti- 
mate left ventricular ejection fraction in the second 
week after AMI. Analysis of the relation between early 
and predischarge Killip class revealed that 29 patients 
in Killip class I and 8 patients in Killip class II or III on 
admittance and at first echocardiographic examination 
(18%) progressed to a lower Killip class, whereas 52 
(26%) patients in Killip class II, III or IV on admit- 
tance improved. In other words, a change of Killip class 
was much more common (89 of 201 [44%], 95% confi- 
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dence limit 39 to 53%) than a change of WMI (61 of 
201 [30%], 95% confidence limit 24 to 37%), which ap- 
pears to be a more stable marker of the degree of myo- 
cardial disease. 

Similar discrepancies between clinical signs of heart 
failure and objective measurements of left ventricular 


performance were reported by other investiga- 
tors6.12.13.24-2637,40 and constitute an argument for early 
noninvasive measurement of left ventricular function, 
since this improves early risk stratification. 

Figure 7 shows early mortality in relation to WMI 
and the complications of cardiogenic shock and ventric- 
ular fibrillation. Only 1 patient in 14 with WMI «1.0 
survived cardiogenic shock (93% 1-year mortality). In 
contrast, only 2 patients out of 6 died in shock when 
WMI was >1.3 (33% mortality), the causes of death 
being rupture of the free wall and of the interventricular 
septum. In 4 patients with ventricular fibrillation there 
were no deaths when WMI was >1.3, whereas 10 of 12 
patients with ventricular fibrillation died when WMI 
was <1.0 (mortality rate 83%). This suggests that the 
risk associated with in-hospital ventricular fibrillation in 
AMI is largely determined by the level of left ventricu- 
lar performance.^! 

Figure 8 shows a curvilinear relation between mor- 
tality in hospital, at 2 months and 1 year in relation to 
WMI. Apparently WMI is a continuous variable with 
respect to mortality. Mortality increases rapidly when 
WMI decreases below 1.0, corresponding to a left ven- 
tricular ejection fraction of <30%, whereas mortality in 
the group with WMI 21.3, corresponding to left ven- 
tricular ejection fraction 74096, is very low. However, 
there were some exceptions to this: 3 patients with 





WMI >1.3 died in-hospital. One died from rupture of 4 


the free wall, one from ventricular septal rupture (delib-- 






erately not operated on due to old age) and one 2^ 


severe cerebral embolism. Thus, it is likely that nc — 
ventable death occurred in-hospital in the 83 pa 
(41%, range 36 to 49%, confidence limit 95%) in whom 
early echocardiographic examination indicated normal 
or only mildly depressed systolic function. 

In the 2-month follow-up period there was 1 death in 
patients with WMI 21.3 (1 episode of sudden unex- 
pected death in a 43-year-old man), but otherwise no 
mortality. 

The exponential course of the curves of Figure 8 
parallels that obtained in recent investigations of the 
value of predischarge left ventricular ejection fraction 
measured by equilibrium radionuclide ventriculography 
to predict l-year mortality after AMI.^? Thus, our 
study suggests that quantitation of postadmittance 
pump function is able to predict in-hospital, 2-month 
and l-year mortality in a single examination with the 
added advantage of early in-hospital availability com- 
pared with predischarge examination. 

Kelly," Shah,2> Ong? and their co-workers reported 
improved prediction of short- and long-term mortality 
by left ventricular ejection fraction measured by the nu- 
clear stethoscope or by the equilibrium technique com- 
pared with clinical examination. Our results and those 
previously reported by Nishimura,!? Kan,” van Reet?’ 


[7 


and their co-workers support the view that early echo- 
cardiographic measurement of WMI is of similar value 
for prognostication after AMI as radionuclide left ven- 
tricular ejection fraction. Our study suggests that for 
the purpose of prognostication echocardiographic wall 
motion indexes may be substituted for corresponding 
values of left ventricular ejection fraction. 

Clinical implications: Early echocardiographic esti- 
mation of left ventricular systolic performance improves 
early risk stratification in AMI, thereby facilitating the 
design of early, safe discharge policies in the coronary 
unit.* Furthermore, early echocardiographic determina- 
tion of systolic performance has the potential of improv- 
ing randomization in controlled clinical trials after AMI 
in several ways. It provides documentation of compara- 
bility between randomized groups, thereby minimizing 
the risk of bias.^* It prevents inadvertent dilution by 
low-risk patients of randomized groups in trials with 
mortality as the primary endpoint, thereby minimizing 
the risk of false-negative results.*> It reduces the num- 
ber of patients needed for randomization in controlled 
clinical trials evaluating interventions after AMI either 
by using echocardiographically determined left ventric- 
ular function as the primary endpoint or as a means of 
identifying high-risk subsets for intervention.^6 

Limitations: Some limitations should be mentioned. 
WMI is calculated differently by various investigators, 
which precludes direct comparison between published 
echocardiographic WMI values. In this respect results 
of echocardiographic methods that describe global left 
ventricular function in terms of left ventricular ejection 
fraction units are easier to interpret and compare with 
results of radionuclide or contrast angiography. 

Thrombolytic treatment was not introduced in the 
department at the time of the study. Thus, the results 
reflect natural history of AMI in the prethrombolytic 
era. Thrombolytic treatment has the potential of im- 
proving left ventricular function. However, the extent 
and timing of such changes in an unselected population 
of patients with AMI is not known and should be a 
target of further study. 

No direct statistical (logistic regression, Cox regres- 
sion model) comparisons of the prognostic value of 
WMI versus that of single clinical variables or presently 
used prognostic indexes were performed in the present 
study, but should be a subject of further examination. 
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Double-Blind Comparison of Once Daily Betaxolol 
Versus Propranolol Four Times Daily in Stable 
Angina Pectoris 


Kenneth A. Narahara, MD, for the Betaxolol Investigators Group* 


Betaxolol is a new, highly cardioselective, once-a- 
day 6 blocker with a long half-life (mean 16 hours). 
The antianginal efficacy of 2 doses of betaxolol (20 
and 40 mg) given once daily was evaluated and 
compared with propranolol (40 or 80 mg) 4 times 
daily. Ninety-two patients completed the 10-week 
double-blind trial. The resting and exercise heart 
rate, blood pressure and double product were simi- 
lar for all treatment arms of the study during place- 
bo treatment. Significant decreases in these mea- 
sures occurred during active drug treatment when 
compared with placebo. No significant intergroup 
differences were noted at rest. Maximal exercise 
heart rate and double product were significantly 
lower during treatment with betaxolol 40 mg daily 
than in the propranolol 40 mg 4 times/day treat- 
ment group (p <0.05). All patients had chest pain 
and 21 mm of ST-segment depression during the 
baseline placebo exercise test. After 10 weeks of 
active treatment, 55% of the patients were free of 
chest pain during maximal exercise (difference not 
significant between treatments). In the betaxolol 46 
mg/day group, fewer (6 of 19; 32%) of the patients 
developed ST-segment depression with exercise (p 
<0.05) compared with propranolol 80 mg 4 times 
daily (21 of 26; 81%). Betaxolol appears to be a 
useful once-a-day cardioselective 8 blocker for the 
therapy of angina pectoris. 
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first member of this class of drugs to be used in 

the treatment of coronary disease.!? The benefi- 
cial effects of -adrenergic blockade in the therapy of 
angina pectoris are now well established.3-5 Subsequent- 
ly, other 6-adrenergic blocking agents have been intro- 
duced that at low doses may tend to avoid some of the 
potential side effects of generalized B blockade.$-!0 
Betaxolol is a highly cardioselective once-a-day 6 
blocker with a long half-life (mean 16 hours) that has 
produced favorable clinical results in initial studies of 
patients with angina.!!-!? In this investigation we evalu- 
ated the antianginal efficacy of 2 doses of betaxolol with 
2 comparable doses of propranolol.!4 


P ropranolol, a nonselective 8-blocking agent, was the 


METHODS 

Patient selection: Patients of either sex who were 
>30 years of age were enrolled at 9 centers. Patients 
were selected based on a history of stable angina pecto- 
ris of >3 months’ duration. Reproducible exercise- 
induced angina in conjunction with 21 mm of horizon- 
tal or downsloping ST-segment depression measured 
0.08 second after the J point was required for entry into 
the study. Patients were excluded if they had contrain- 
dications to 8 blockade including sinus bradycardia 
(<50 beats/min), greater than first-degree atrioventric- 
ular block, congestive heart failure, asthma, peripheral 
vascular disease or insulin-dependent diabetes. Women 
of child-bearing potential and patients with unstable an- 
gina pectoris or a myocardial infarction within the pre- 
ceding 3 months were excluded, as were those unable to 
discontinue all proscribed drugs (long-acting nitrates, 
calcium antagonists, digitalis, thyroid hormone, other 8 
blockers or antihypertensive treatment other than diure- 
tics). All patients gave informed consent before entry 
into the study and signed a consent form approved by 
the human subjects committees of the various institu- 
tions. 

Study design: After baseline evaluations, patients 
underwent a 1-week “washout” phase where all antian- 
ginal medications were stopped with the exception of 
sublingual nitroglycerin tablets, taken as needed. Subse- 
quently a 4-week single-blind placebo baseline phase 
was begun to establish baseline angina frequency, nitro- 
glycerin consumption and exercise tolerance (Figure 1). 

Thereafter, patients were randomized under double- 
blind conditions to 1 of 4 groups: (1) betaxolol 20 mg 
once daily (betaxolol-20); (2) betaxolol 40 mg once dai- 
ly (betaxolol-40); (3) propranolol 40 mg 4 times daily 
(propranolol-160); and (4) propranolol 80 mg 4 times 
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daily (propranolol-320). All patients took identical-ap- 
pearing capsules at approximately 10:00 A.M., 2:00 P.M., 
6:00 pM. and 10:00 r.m.. Active medication was present 
in the 10:00 A.M. dose for the once daily group and at all 
dosing times for the 4 times daily group. 

All betaxolol-treated patients received 20 mg of the 
active agent once daily for the first 2 weeks of the dou- 
ble-blind study period. Thereafter, patients randomized 
to receive 20 mg once daily continued to receive the 
same dose of the study drug and patients in the 40 mg 
once daily arm received the increased dosage of betaxo- 
lol for the duration of the 10-week treatment period. At 
the beginning of the double-blind phase of the trial, 40 
mg of propranolol 4 times daily was dispensed to all 
propranolol-treated patients. The dose of propranolol 
was increased to 80 mg 4 times daily in the high-dose 
propranolol treatment limb after 2 weeks of randomized 
therapy. Patient compliance was monitored by perform- 
ing pill counts at each biweekly clinic visit. 

Antianginal efficacy of the 2 agents was assessed 
by counting patient diary entries of angina frequency 
and nitroglycerin consumption. Serial treadmill exercise 
testing was used to establish exercise duration, time to 
angina and time to 1-mm ST-segment depression. 

Treadmill exercise testing: Exercise treadmill test- 
ing was performed using a modified Naughton protocol. 
The stress tests were performed at the same time of day 
(8 A.M. to noon) for each patient. The 10 A.M. dose of 
medication was withheld until after the exercise test was 
performed. The starting stage varied for different pa- 
tients but remained fixed throughout the study. Stress 
testing was begun at a stage that would allow exercise 
to be maintained for 6 to 18 minutes during the baseline 
phase of the study. Each stage lasted 3 minutes and 
electrocardiographic tracings were obtained at ]-minute 
intervals to assess the ST segment. Cuff blood pressure 
recordings were obtained every 3 minutes during exer- 
cise and were repeated every 3 minutes after exercise 
until baseline conditions were approximated. 

Holter monitoring: Holter monitoring for 24 hours 
was performed during week 3 of the placebo phase 
and week 10 of the double-blind phase of the trial. 
Tapes were scanned using a computer analysis tech- 
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FIGURE 1. Study design. After a 4-week single-blind placebo 
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phase, patients were 


nique (Dysrhythmic Data Inc.) and the hourly heart 
rate was averaged electronically. 

Other evaluations: Other evaluations included rou- 
tine hematologic tests, serum chemistries, urinalysis and 
a chest x-ray. Patient symptoms were recorded at each 
biweekly visit. 

Statistics: The chi-square test and analysis of vari- 
ance were used to test the equality of the distribution 
of demographics and baseline medical characteristics 
among treatment groups. Distributions of the efficacy 
variables across treatment groups at baseline were eval- 
uated with the log rank test. 

The log rank test was used to compare changes from 
baseline in exercise duration and time until the onset of 
1-mm ST-segment depression. When a drug effect was 
significant, pairwise comparisons of treatments were 
made using the Student-Newman-Keuls test. A p value 
«0.05 was considered statistically significant. 

All values are mean + standard error of the mean. 


RESULTS 

One-hundred twelve patients with a mean age of 61 
years were randomized to the double-blind portion of 
the study and 92 completed the 10-week trial. Of the 
112 randomized subjects, 24 were women and 88 were 
men. One hundred four subjects were white. A history 
of a prior myocardial infarction was noted in 42% of 
the study participants. Coronary angiography had been 
performed in 59%. Of these patients, 82% were in New 
York Heart Association functional class II and 17% 
were in functional class III. No significant dif- 
ferences in the distribution of demographic variables 
across treatment groups were noted. 

During the study, 3 patients were withdrawn for 
lack of efficacy (2 in the betaxolol groups and 1 in the 
propranolol groups) and 7 subjects were withdrawn 
due to adverse reactions (4 in the betaxolol treatment 
groups and 3 in the propranolol treatment groups). The 
10 other patients terminated the double-blind treatment 
because of intercurrent illnesses, lack of cooperation, 
administrative reasons or refusal to accept therapy. 

Angina frequency and nitroglycerin use: The 
mean number of angina attacks/week was similar in all 
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randomized to receive 20 or 40 mg of betax- 


olol once daily or to receive propranolol 40 or 80 mg 4 times daily. Holter refers to the application of a 24-hour electrocardio- 
gram recording. ETT = exercise tolerance test (treadmill); qd = once daily; qid = 4 times daily. + = clinic visit. 
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Angina attacks /week 








Placebo 6.01 1.9 
Treatment 2.4 1- 0.8 
Change —3.6 + 1.2* 
Percent reduction 60 
Nitroglycerin tablets / Week 

Placebo 504224 
Treatment 2.6 1.3 
Change —2.4+ 1.21 
Percent reduction 48 





Values are mean + standard error of the mean. 
ne Ay Ss vs placebo; ! p = 0.06 vs placebo. 









TABLE Il Rest and Exercise Variables 


B-20 (n = 22) 
SBP (rest) Placebo 141+4 



















Treatment 1394 5 
HR (rest) Placebo 793 
Treatment 6342 
DP (rest) Placebo 11145 
Treatment 8744 
SBP (Max Ex) Placebo 18244 
Treatment 159 4 
HR (Max Ex) Placebo 1243 
Treatment 10043 
DP (Max Ex) Placebo 226 +8 
Treatment 15918 
Time to ST | Placebo 111 


Treatment* 





ETT duration Placebo 1441 
Treatment 1641 










t Significantly different from P-160 (p <0.05) by Student-Newman-Keuls test. 
* B-40 time to ST depression >P-320 (p «0.05). 





bo and 10 week treatment exercise tests. Other abbreviations as in Table |. 





groups (Table I) during placebo treatment. Active ther- 
apy with betaxolol and propranolol produced significant 
reductions in angina (p «0.05 for all groups vs placebo). 
However, no significant intergroup differences occurred. 
Likewise, no significant differences in nitroglycerin use 
were found between drug treatment groups during base- 
line (placebo) conditions. Beta blockade resulted in a 
significant decrease in nitroglycerin consumption in 3 of 
4 groups (p «0.05; the exception was the betaxolol-20 
group). 

Exercise testing: Exercise test results are reported 
for the 82 patients who experienced chest pain and >] 
mm ST-segment depression during the baseline exercise 
test and who also performed the 10-week (during treat- 
ment) stress test. Systolic blood pressure, heart rate and 
double product before exercise were similar for all treat- 
ment arms of the study during placebo administration 
(Table II). Significant decreases occurred for all 3 rest- 
ing variables during active drug therapy when com- 
pared with baseline values. No significant intergroup 
differences were noted. 

Exercise systolic blood pressure, heart rate and dou- 
ble product were significantly lower than placebo values 
for all treatment groups (p «0.05). No between-group 


betaxolol 20 mg once daily; B-40 = betaxolol 40 mg once daily; P-160 = propranolol 40 mg 4 times daily; P-320 = propranolol 80 mg 4 times daily. 


* Median change in time to ST-segment depression from baseline to 10-week treatment visit. 


DP = heart rate X systolic blood pressure + 100; ETT = exercise tolerance time in minutes; HR = heart rate; Max Ex = at maximal exercise: rest = prior to exercise; SBP = systolic 
blood pressure; Time to ST | = time to >1 mm of ST depression in minutes; numbers in parenthesis refer to the number of patients who experienced ST depression on both the place- 


P-160 (n = 18) P-320 (n = 25) 


6.5+1.0 4.7 € 0.8 6.8 +13 
1.50.5 2.0 € 0.5 2.0 x 0.6 
—5.0 + 1.0* —2.7 +0.9* —4.8 + 1.1* 
X. 57 70 
4.91.2 3.7 +40.8 3.81.0 
1.3 £05 1.5 € 0.5 1.7 +40.6 
-3.6 1 1.2* —2.2 € 0.8* -2.1:3:0,7* 


73 59 







B-40 (n = 19) 





P-160 (n = 15) P-320 (n = 26) 


12715 127 +6 12844 
79+2 80+ 4 8243 
57 +1 6312 6212 

11044 107 +7 11345 
7244 8145 7944 

17444 1706 17545 

15244 156 +6 15245 

12144 12845 12543 
89 + 31 109+5 98 +3 

212+10 218413 21919 

136 + 6! 1724 11 1496 
1141 1141 













differences in exercise blood pressures were present. 
During stress testing in the active drug treatment phase 
betaxolol-40 resulted in a lower exercise heart rate (89 
+ 3 beats/min) and double product (136 + 6) than 
propranolol-160 (109 + 5 and 172 + 11; p <0.05 Stu- 
dent-Newman-Keuls test; Table II). Exercise duration 
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[ ] Placebo 


Active Drug 
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*P<0.05 vs placebo 
* 













Exercise Time (minutes) 


ina 






Betaxolol Betaxolol Propran 
20mg qd 40mg qd 40mg qid 80 mg qid 


dura of the 4 treatment groups. 
Treatment with active drug resulted in significantly greater 
exercise times than placebo. Abbreviations as in Figure 1. 
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during 6 blockade was significantly increased by both 
doses of betaxolol and propranolol although no therapy 
was significantly different from the others (Figure 2). 
All patients experienced chest pain and had 21 mm 
of ST depression on the electrocardiogram during the 
baseline exercise test. Of the 82 patients who completed 
the 10-week treatment exercise test, 45 (55%) no longer 
experienced angina as a limiting endpoint (Figure 3; 
difference not significant between groups). These pa- 
tients now stopped for fatigue or shortness of breath. 
During treatment with 8 blockers, >1 mm of ST- 
segment depression during maximal exercise developed 
in 53 of 82 (65%) subjects. The reduction in ST-seg- 
ment depression at maximal exercise noted in the betax- 
olol-40 group was significantly greater than in the pro- 
pranolol-320 group (p «0.05; Figure 3). In addition, the 
median change in time to the onset of ST-segment de- 
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40 mg once daily 
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of 24 hours (Figure 4). 
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FIGURE 3. Effect of 8 blockade on 
exertional angina and ST-segment depres- 
sion. All patients experienced angina and 
>1 mm of ST-segment depression with 
exercise during placebo treatment. 
Abbreviations as in Figure 1. 


FIGURE 4. Mean hourly heart rates for 
patients treated with betaxolol 20 mg 
once daily (closed circles) compared with 
those of patients receiving propranolol AQ 
mg 4 times daily (open circles). Similar 
values for betaxolol 40 mg once daily 
(closed squares) compared with proprano- 
lol 80 mg 4 times daily (open squares). 
Similar rate reductions were noted when 
once daily betaxolol was compared with 4 
times daily propranolol. Abbreviations as 
in Figure 1. 


greater in betaxolol-40-treat- 
ed with propranolol-320 (p 
Holter monitoring: Holter monitoring data were 
available for 47 patients during active drug therapy. 
The mean hourly heart rate d 
57 to 65, 54 to 60, 59 to 64 a 
the betaxolol-20, betaxolol-40, propranol 
pranolol-320 treatment limbs, respectively (Figure 4). 
Betaxolol-20 resulted in mean h 
separated by «5 beats/min from heart rates produced 
by 4 times daily dosing with propranolol-160. Betaxolol 
resulted in heart rates that were 75 
lol 80 mg 4 times daily for 8 


uring active treatment was 
nd 53 to 66 beats/min for 
ol-160 and pro- 


eart rates that were all 


that might be considered 
side effects of drug therapy were reported by 50, 37, 42 
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and 45% of the patients in the betaxolol-20, betax- 
olol-40, propranolol-160 and propranolol-320 treatment 
groups, respectively. The most frequently reported side 
effect was fatigue (Table III). 


DISCUSSION 

Beta-adrenergic blockers are well-established agents 
for the treatment of angina pectoris.^^ Exercise time 
can be increased through a reduction in heart rate and 
blood pressure during exertion.!? Propranolol, the proto- 
type 6 blocker, has been used widely in the therapy of 
angina. However, propranolol has several clinical disad- 
vantages. It has a relatively short pharmacokinetic half- 
life (4 to 6 hours) that may require frequent dosing in- 
tervals. Also, nonspecific 6 blockade has the potential 
for causing pulmonary and peripheral vascular side ef- 
fects. 

Betaxolol, like propranolol, has a pure 6-antagonist 
action. It lacks intrinsic sympathomimetic activity but 
has weak membrane-stabilizing activity.!ó Potential ad- 
vantages of betaxolol when compared with propranolol 
include its cardioselective 8 blockade!^!? and its long 
plasma half-life (14 to 22 hours) and physiologic ef- 
fects.'^ Advantages that accrue to cardioselective 6 
blockade were not noted in this investigation. However, 
entry criteria precluded the enrollment of many patients 
with conditions that might respond more favorably to 6- 
1 selective antagonists (mild bronchospastic disease and 
peripheral vascular disease). Thus, side effects occurred 
with equal frequency in the betaxolol and propranolol 
treatment groups. 

This study demonstrates that betaxolol, adminis- 
tered once daily, can result in hemodynamic actions 
that are similar to those of propranolol given 4 times 
daily. Full 24-hour reductions in resting heart rate, sys- 
tolic blood pressure and double product were achieved 
with betaxolol given once daily. Exercise systolic blood 
pressure and double product were likewise reduced to a 
similar degree by both betaxolol and propranolol. 

Maximal exercise heart rate was reduced to a great- 
er extent by betaxolol 40 mg once daily when compared 
with propranolol given as either 40 or 80 mg 4 times 
daily. Since the goal of therapy with 6 blocking agents 
is to reduce myocardial oxygen demand, the ability of 
an agent to retain its bradycardic effect 24 hours after 
a dose is particularly encouraging. Evaluation of the 
Holter monitor results indicates that once daily dosing 
intervals with betaxolol result in a bradycardic effect 
that is equivalent or superior to that seen with 4 times 
daily dosing with propranolol (Figure 4). The apparent 
reversal of the diurnal variation in heart rate was un- 
anticipated and has no clear explanation. 

Exercise times were increased to equivalent degrees 
by both doses of betaxolol and both doses of propranolol 
(Figure 2). However, betaxolol 40 mg once daily thera- 
py abolished ST-segment depression during maximal 
exercise to a greater extent than did the other treatment 
arms of the study (Figure 3). The difference between 
betaxolol 40 mg once daily and therapy with proprano- 
lol 80 mg 4 times daily was significant (p «0.05). ST- 
segment depression Z1 mm was present in only 32% of 








TABLE Ill Side Effects Reported by =2 Patients During 
Treatment 










Fatigue 

Increased 
sweating 

Headache 2 2 

Paresthesia 2 

Diarrhea 2 

Dyspepsia 2 4 

Tinnitus 2 

Angina 2 

Depression 2 

Dyspnea 2 

Abnormal 2 

vision 


Abbreviations as in Table I. 


the betaxolol 40 mg once daily group, whereas 67% of 
the patients treated with propranolol 40 mg 4 times dai- 
ly and 81% of the propranolol 80 mg 4 times daily pa- 
tients experienced ischemic ST-segment depression dur- 
ing active treatment. The pronounced bradycardic ef- 
fect of high-dose betaxolol may have clinical importance 
in reducing "silent" as well as painful ischemia. 

Thus, betaxolol administered as 20 or 40 mg once 
daily provided antianginal efficacy that was greater 
than or equal to that seen with 40 or 80 mg of propran- 
olol given in 4 doses/day. Improvements in exercise 
time and the number of side effects were similar when 
the 2 8 blockers were compared. Betaxolol appears to be 
a useful once-daily cardioselective 6 blocker for the 
therapy of angina pectoris. 
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APPENDIX 
Betaxolol Investigators Group 

Clinical Centers: Walter Baird, MD, Mid-Michigan 
Medical Group, Lansing, Michigan; Venkataraman Balu, MD, 
Veterans Administration Medical Center, Buffalo, New York; 
Frank McBarron, MD, Providence Medical Center, Heart Re- 
search Clinic, Portland, Oregon; Kenneth A. Narahara, MD, 
Marianne Brizendine, RN, Hazel Kawasaki, RN, Harbor- 
UCLA Medical Center, Torrance, California; Melvyn Ruben- 
fire, MD, Sinai Hospital, Detroit; Dhiren Shah, MD, Richard- 
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The largest selling 
ventricular antiarrhythmic in Europe. 


800,000 patient years of worldwide experience. 


NOTHER 
Men TOWARD. T DE 


EAE MEME Q E MM N 





pee aque information 
, to help you prescribe 
this new antiarrhythmic therapy. 


Rythmol and patient selection 


Indicated for the treatment of documented ventricular arrhythmias, such 
as sustained ventricular tachycardia, that in the judgment of the physician, 
are life threatening. There is no evidence from controlled trials that the use 
of any antiarrhythmic agent favorably affects survival or the incidence of 
sudden death. Therefore the use of Rythmol should be reserved for patients 
in whom in the opinion of the physician the benefits of treatment outweigh 





the risks. 
Rythmol contraindications 
Sinoatrial, atrioventricular and Uncontrolled congestive heart failure 
intraventricular disorders of Cardiogenic shock 
impulse generation and/or Bradycardia 


conduction (e.g., sick sinus 


l : Marked hypotension 
node syndrome, atrioventricular i 
block) in the absence of an Manifest electrolyte imbalance 


artificial pacemaker Bronchospastic disorders 
Known hypersensitivity to the drug 


Rythmol and the CAST results 


Although Rythmol was not included in CAST, the applicability of the 
Cardiac Arrhythmia Suppression Trial results to other populations (e.g., 
those without recent myocardial infarction), to Rythmol, or to other anti- 
arrhythmic drugs is uncertain, but at present it is prudent to consider any 
1C agent, such as Rythmol to have a similar risk. 








See the full prescribing information for in depth details on warnings, 
precautions, side effects and dosage. 


Please see brief summary of prescribing information with this advertisement. 
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Excellent V-Tach efficacy 


Proven in a well-defined dose-response study: 

226 outpatients with structural heart disease and PVCs; 55% had 

episodes of non-sustained VT. 

* 68% of patients on 450 mg/day Rythmol therapy exhibited 100% 
suppression of episodes of non-sustained VT. 

* 91% of patients on 900 mg/day Rythmol therapy exhibited 100% 
suppression of episodes of non-sustained VT. 
















Proven in studies on patients with sustained V-Tach: 

* 10707-3690! of patients achieved complete suppression of 
inducible VT during invasive electrophysiologic testing. Slowing 
of the inducible VT rate was seen in a large percentage of patients 
not completely suppressed. 

* In three separate studies, 39%’ (n = 14/36), 67%* (n = 32/48) 

and 917^ (n = 10/11) of patients with VT/VF who were initially 

discharged on Rythmol achieved long-term therapy success. 
















Vaughan Williams Class 1C with beta blocking 
ag activity equal to 1/40 that of propranolol: 


*Pauents with bronchospastic disease should, in general, not receive 


propafenone. 





1. Singh BN, et al. American Heart J 116 (5): 1542-1551, 1988. 2. Haffajee CI, et al. Circ. 80 (4): 1l-652, 1989. 3. Valero 
de Pesce EM, et al. J. Electro 2 (3): 215-221, 1988. 4. Dugernier TH, et al. JAAC 9 (2): 244A, 1987. 5. Budde TH, et al. 
Eur Heart J 8 (S2): 97, 1987. 
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Cardiac: Discontinuance due to cardiac adverse 
effects within the first month of study: 3.6% 

at starting dose (450 mg); 4.9% at high dose 
(900 mg). Of 2,127 patients in the study, 971 had 
malignant arrhythmias at baseline.’ 


Proarrhythmia incidence 4.796: In 2,127 patients 
studied at recommended dosages in U.S. 
multicenter trials, proarrhythmia was manifested 
as ventricular tachycardia/fibrillation in 4% of the 
patients, and as increased PVCs in 0.7%.‘ 


Of the patients who had new or worsening VT (4%), 92% had a history of 
VT andlor VT/VF, 71% had coronary artery disease, and 68% had a 
prior myocardial infarction. The incidence of proarrhythmia in patients 
with less serious or benign arrhythmias (a disease state for which the drug 
ıs not indicated) which include patients with an increase in frequency of 
PVCs, was 1.6%. Most proarrhythmic events occurred during the first 


week of therapy. 




























Non-Cardiac: 1.9% or less discontinuance due 
to non-cardiac side effects ineach of the other 
body systems at 450 mg/day.’ 






6. Data on file, Knoll Pharmaceuticals. 


Please see brief summary of prescribing information with this advertisement. 
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CHF Incidence 
3.7% in 2,127 


Patients 


Of the 3.7%: 
* 80% of patients had pre-existing CHF. 


¢ 85% had CAD. 


e 0.2% of patients without a prior history 
of CHE, attributed CHF to Rythmol. 
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Clinical studies show 
minimal effect on LV function.' 


Study I — In 26 patients with a 
mean ejection fraction under 
35%, no statistically signifi- 
cant decrease in LV ejection 
fraction was seen as the dose 
was increased from 450 mg 
to 900 mg from baseline. 

Baker, et al, Practical Card 14: 117, 1988. 
Study IT—In 12 patients with ejection fractions under 40%, no 
significant reduction of LV ejection fraction was seen as de- 
termined by nuclear ventriculography. Bi aha Macao E 
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Study III —42 patients were 
studied by radioventriculo- 
graphy in control and during 
propafenone therapy. For 
the group as a whole, prop- 
afenone did not affect IVEF 
(47% vs 45%, p - NS). 


Cueni, L; Podrid, PJ; Jrnl Electrophysiology 1:6, 548-560, 1987. 


Effect of Propafenone on Left Ventricular Function* 


*Rythmol® exhibits both a beta blocking and a 
dose related negative inotropic effect. Patients 
with CHF should be fully compensated be- 
fore Rythmol therapy is initiated. 
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Concomitant 
Use Experience 


With digitalis. Rythmol (propafenone HCl) produces dose 
related increases in serum digoxin levels. Patients on Rythmol 
plus digoxin therapy should have plasma levels measured. 
Digoxin dosage should ordinarily be reduced when Rythmol 
is started. 
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With warfarin. In patients receiving Rythmol and warfarin 
concomitantly, warfarin mean steady-state plasma concentra- 
tions increased 39% with corresponding increase in prothrom- 
bin times of approximately 25%. It is therefore recommended 
that prothrombin times be routinely monitored, and the dose 
of warfarin be adjusted if necessary. 





With propranolol. Concomitant administration of Rythmol 

and propranolol has resulted in substantial increases in , 
propranolol plasma concentration and elimination half-life 

with no change in propafenone plasma levels from control 

values. While the therapeutic range for beta blockers is wide, 

a reduction in dosage may be necessary during concomitant 

administration with Rythmol. 





With calcium channel blockers. Concomitant therapy of 
Rythmol with diuretics and calcium channel blockers has 
been reported without evidence of clinically significant 
adverse reactions. 


With cimetidine. In normal patients concomitant administra- 
tion of Rythmol and cimetidine resulted in a 20% increase in 
steady-state plasma concentrations of Rythmol with no detect- 
able changes in electrocardiographic parameters beyond that 
measured on Rythmol alone. 





propatenone HCI 
INDICATIONS AND USAGE 
RYTHMOL (propafenone HCl) is indicated for the treatment of documented ventricular 
arrhythmias, such as sustained ventricular tachycardia, that in the judgement of the 
physician, are life threatening. Because of the proarrhythmic effects of RYTHMOL, its use 
should be reserved for patients in whom, in the opinion of the physician, the benefits of 
treatment outweigh the risks. The use of RYTHMOL is not recommended for use in patients 
with less severe ventricular arrhythmias, even if the patients are symptomatic. Use of 
RYTHMOL for the treatment of sustained ventricular tachycardia, like other antiarrhythmics, 
should be initiated in the hospital. 
CONTRAINDICATIONS 
RYTHMOL (propafenone HCl) is contraindicated in the presence of uncontrolled congestive 
heart failure, cardiogenic shock, sinoatrial, atrioventricular and intraventricular disorders of 
impulse generation and/or conduction (e.g., sick sinus node syndrome, atrioventricular 
block) in the absence of an artificial pacemaker, bradycardia, marked hypotension, bron- 
chospastic disorders, manifest electrolyte imbalance, and known hypersensitivity to the drug. 
WARNINGS: 
Mortality: In the National Heart Lung and Blood Institute's Cardiac Arrhythmia Suppression 
Trial (CAST), a longterm, multicenter, randomized, double blind study in patients with 
asymptomatic non life threatening ventricular ectopy who had a myocardial infarction more 
than six days but less than two years previously and demonstrated mild to moderate left 
ventricular dysfunction, an excessive mortality or nonfatal cardiac arrest rate was seen in 
patients treated with encainide or flecainide (56/730) compared with that seen in patients 
assigned to carefully matched placebo treated groups (22/725). The average duration of 
treatment with encainide or flecainide in this study was ten months.The applicability of these 
results to other populations (e.g., those without recent myocardial infarction and to other 
antiarrhythmic drugs) is uncertain, but at present it is prudent (1) to consider any IC agent 
(especially one documented to provoke new serious arrhythmias) to have a similar risk and 
(2) to consider the risks of Class IC agents, coupled with the lack of any evidence of 
improved survival, generally unacceptable in patients without life threatening ventricular 
arrhythmias, even if the patients are experiencing unpleasant, but not life threatening, 
symptoms or signs. 
Proarrhythmic Effects 
RYTHMOL, like other antiarrhythmic agents, may cause new or worsened arrhythmias. Such 
proarrhythmic effects range from an increase in frequency of PVCs to the development of 
more severe ventricular tachycardia, ventricular fibrillation or torsade de pointes; i.e., 
tachycardia that is more sustained or more rapid which may lead to fatal consequences. It is 
therefore essential that each patient given RYTHMOL be evaluated electrocardiographically 
and clinically prior to, and during therapy to determine whether the response to RYTHMOL 
(propafenone HCI) supports continued treatment.Overall in clinical trials with propafenone, 
4.7% of all patients had new or worsened ventricular arrhythmia possibly representing a 
proarrhythmic event (0.7% was an increase in PVCs; 4.0% a worsening, or new appearance, 
of VT or VF). Of the patients who had a worsening of VT (4%), 92% had a history of VT 
and/or VT/VF, 71% had coronary artery disease, and 68% had a prior myocardial infarction. 
The incidence of proarrhythmia in patients with less serious or benign arrhythmias, which 
include patients with an increase in frequency of PVCs, was 1.6%. Although most 
proarrhythmic events occurred during the first week of therapy, late events also were seen 
and the CAST study (see above) suggests that an increased risk is present throughout 
treatment. 
Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema) 
PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD. IN GENERAL. NOT RECEIVE 
PROPAFENONE or other agents with beta adrenergic blocking activity. 
Congestive Heart Failure 
During treatment with oral propafenone in patients with depressed baseline function (mean 
EF=33.5%), no significant decreases in ejection fraction were seen. In clinical trial 
experience, new or worsened CHF has been reported in 3.7% of patients; of those 0.9% were 
considered probably or definitely related to RYTHMOL. Of the patients with congestive heart 
failure probably related to propafenone, 80% had preexisting heart failure and 85% had 
coronary artery disease. CHF attributable to RYTHMOL developed rarely (<0.2%) in patients 
who had no previous history of CHF. As RYTHMOL exerts both beta blockade and a (dose 
related) negative inotropic effect on cardiac muscle, patients with congestive heart failure 
should be fully compensated before receiving RYTHMOL. If congestive heart failure 
worsens, RYTHMOL should be discontinued (unless congestive heart failure is due to the 
cardiac arrhythmia) and, if indicated, restarted at a lower dosage only after adequate cardiac 
compensation has been established. 
Conduction Disturbances 
RYTHMOL slows atrioventricular conduction and also causes first degree AV block. Average 
PR interval prolongation and increases in QRS duration are closely correlated with dosage 
increases and concomitant increases in propafenone plasma concentrations. The incidence 
of first degree, second degree, and third degree AV block observed in 2,127 patients was 
2.595. 0.6%, and 0.2%, respectively. Development of second or third degree AV block 
requires a reduction in dosage or discontinuation of RYTHMOL. Bundle branch block (1.296) 
and intraventricular conduction delay (1.1%) have been reported in patients receiving 
propafenone. Bradycardia has also been reported (1.5%). Experience in patients with sick 
sinus node syndrome is limited and these patients should not be treated with propafenone. 
Effects on Pacemaker Threshold 
RYTHMOL may alter both pacing and sensing thresholds of artificial pacemakers. 
Pacemakers should be monitored and programmed accordingly during therapy. 
Hematologic Disturbances 
One case of agranulocytosis with fever and sepsis, probably related to use of propafenone, 
was seen in U.S. clinical trials. The agranulocytosis appeared after 8 weeks of therapy. 
Propafenone therapy was stopped and the white count had normalized by 14 days. The 
patient recovered. In the course of over 800,000 patient years of exposure during marketing 
outside the U.S. since 1978, seven additional cases have been reported. In one of these, 
concomitant captopril, a drug known to cause agranulocytosis, was used. Unexplained fever 
and/or decrease in white cell count, particularly during the first three months of therapy, 
warrant consideration of possible agranulocytosis/granulocytopenia. Patients should be 
instructed to promptly report the development of any signs of infection such as fever, sore 
throat, or chills. 
PRECAUTIONS 
Hepatic Dysfunction: 
Propafenone is highly metabolized by the liver and should, therefore, be administered 
cautiously to patients with impaired hepatic function. The dose of propafenone given to 
patients with impaired hepatic function should be significantly reduced. Careful monitoring 
for excessive pharmacological effects (see OVERDOSAGE) should be carried out. 
Renal Dysfunction: 
A considerable percentage of propafenone metabolites (18.5%-38% of the dose/48 hours) 
are excreted in the urine. Until further data are available, RYTHMOL should be administered 





cautiously to patients with impaired renal function. These patients should be carefully 
monitored for signs of overdosage (see OVERDOSAGE). 

Elevated ANA Titers: 

Positive ANA titers have been reported in patients receiving propafenone. Patients who 
develop an abnormal ANA test should be carefully evaluated and, if persistent or worsening 
elevation of ANA titers is detected, consideration should be given to discontinuing therapy. 
Impaired Spermatogenesis: 

Reversible disorders of spermatogenesis have been demonstrated in monkeys, dogs and 
rabbits after high dose intravenous administration. Evaluation of the effects of short term 
propafenone administration on spermatogenesis in 11 normal subjects suggests that 
propafenone produced a reversible, short term drop (within normal range) in sperm count. 
Subsequent evaluations in 11 patients receiving propafenone chronically have suggested no 
effect of propafenone on sperm count. 

Drug Interactions: Quinidine: Small doses of quinidine completely inhibit the hydroxylation 
metabolic pathway, making all patients, in effect, slow metabolizers. There is, as yet, too little 
information to recommend concomitant use of propafenone and quinidine. Local 
Anesthetics: Concomitant use of local anesthetics may increase the risks of central nervous 
system side effects. Digitalis: RYTHMOL produces dose related increases in serum digoxin 
levels ranging from about 35% at 450 mg/day to 85% at 900 mg/day propafenone without 
affecting digoxin renal clearance. Digoxin dosage should ordinarily be reduced when 
propafenone is started. Beta-Antagonists: Propafenone appears to inhibit the hydroxylation 
pathway for propranolol and metoprolol (just as quinidine inhibits propafenone metabolism). 
While the therapeutic range for beta-blockers is wide, a reduction in dosage may be 
necessary during concomitant administration with propafenone. Warfarin: In a study of 
eight healthy subjects receiving propafenone and warfarin concomitantly, mean steady-state 
warfarin plasma concentrations increased 39% with a corresponding increase in 
prothrombin times of approximately 25%. It is therefore recommended that prothrombin 
times be routinely monitored and the dose of warfarin be adjusted if necessary. Cimetidine: 
Concomitant administration of propafenone and cimetidine in 12 healthy subjects resulted in 
a 20% increase in steady-state plasma concentrations of propafenone with no detectable 
changes in electrocardiographic parameters beyond that measured on propafenone alone. 
Other: Limited experience with propafenone combined with calcium antagonists and 
diuretics has been reported without evidence of clinically significant adverse reactions. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Life time maximally tolerated oral 
dose studies in mice (up to 360 mg/kg/day) and rats (up to 270 mg/kg/day) provided no 
evidence of a carcinogenic potential for propafenone. RYTHMOL was not mutagenic when 
assayed for genotoxicity. Pregnancy Teratogenic Effects: Pregnancy Category C.: 
Propafenone has been shown to be embryotoxic in rabbits and rats when given in doses 10 
and 40 times, respectively, the maximum recommended human dose. No teratogenic 
potential was apparent in either species. There are no adequate and well controlled studies in 
pregnant women. Propafenone should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus. Pregnancy Nonteratogenic Effects: In a perinatal and 
postnatal study in rats, propafenone, at dose levels of 6 or more times the maximum 
recommended human dose, produced dose dependent increases in maternal and neonatal 
mortality, decreased maternal and pup body weight gain and reduced neonatal physiological 
development. Labor and Delivery: It is not known whether the use of propafenone during 
labor or delivery has immediate or delayed adverse effects on the fetus, or whether it 
prolongs the duration of labor or increases the need for forceps delivery or other obstetrical 
intervention. Nursing Mothers: It is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk and because of the potential for serious 
adverse reactions in nursing infants from RYTHMOL, a decision should be made whether to 
discontinue nursing or to discontinue the drug, taking into account the importance of the 
drug to the mother. 

Pediatric Use: The safety and efficacy of RYTHMOL in children has not been established. 
Geriatric Use: There do not appear to be any age-related differences in adverse reaction rates 
in the most commonly reported adverse reactions. Because of the possible increased risk of 
impaired hepatic or renal function in this age group, RYTHMOL should be used with caution. 
The effective dose may be lower in these patients. 

ADVERSE REACTIONS 

Adverse reactions associated with RYTHMOL (propafenone HCI) occur most frequently in the 
gastrointestinal, cardiovascular, and central nervous systems. About 20% of patients 
discontinued due to adverse reactions. 

Adverse reactions reported for >1% of 2,127 patients who received propafenone in U.S. 
clinical trials are presented in the following list. Dizziness, Nausea and/or Vomiting, Unusual 
Taste, Constipation, Fatigue, Dyspnea, Proarrhythmia, Angina, Headache(s), Blurred Vision, 
CHF, Ventricular Tachycardia, Dyspepsia, Palpitations, Rash, First Degree AV Block, Diarrhea, 
Weakness, Dry Mouth, Syncope/Near Syncope, Increased QRS Duration, Chest Pain, 
Anorexia, Abdominal Pain/Cramps, Ataxia, Insomnia, Premature Ventricular Contraction(s), 
Bradycardia, Anxiety, Edema, Tremor(s), Diaphoresis, Bundle Branch Block, Drowsiness, 
Atrial Fibrillation, Flatulence, Hypotension, Intraventricular Conduction Delay, Joint(s) Pain. 

In addition, the following adverse reactions were reported less frequently than 1% either in 
clinical trials or in marketing experience (adverse events for marketing experience are given 
in italics). Causality and relationship to propafenone therapy can not necessarily be judged 
from these events. Cardiovascular System: Atrial flutter, AV dissociation, cardiac arrest, 
flushing, hot flashes, sick sinus syndrome, sinus pause or arrest, supraventricular 
tachycardia. Nervous System: Abnormal dreams, abnormal speech, abnormal vision, apnea, 
coma, confusion, depression, memory loss, numbness, paresthesias, psychosis/mania, 
seizures (0.3%), tinnitus, unusual smell sensation, vertigo. Gastrointestinal: A number of 
patients with liver abnormalities associated with propafenone therapy have been reported in 
foreign postmarketing experience. Some appeared due to hepatocellular injury, some were 
cholestatic and some showed a mixed picture. Some of these reports were simply 
discovered through clinica! chemistries, others because of clinical symptoms. One case was 
rechallenged with a positive outcome. Cholestasis (0.1%), elevated liver enzymes (alkaline 
phosphatase, serum transaminases) (0.2%), gastroenteritis, hepatitis (0.03%) Hematologic: 
Agranulocytosis, anemia, bruising, granulocytopenia, increased bleeding time, leukopenia, 
purpura, thrombocytopenia. Other: Alopecia, eye irritation, hyponatremia/inappropriate ADH 
secretion, impotence, increased glucose, kidney failure, positive ANA (0.7%), /upus 
erythematosis, muscle cramps, muscle weakness, nephrotic syndrome, pain, pruritus. 
OVERDOSAGE 

The symptoms of overdosage, which are usually most severe within 3 hours of ingestion, 
may include hypotension, somnolence, bradycardia, intraatrial and intraventricular 
conduction disturbances, and rarely convulsions and high grade ventricular arrhythmias. 
Defibrillation as well as infusion of dopamine and isoproterenol have been effective in 
controlling rhythm and blood pressure. Convulsions have been alleviated with intravenous 
diazepam. General supportive measures such as mechanical respiratory assistance and 
external cardiac massage may be necessary. 
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suppression of VT beats in patients with either sustained 
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Silent Myocardial Ischemia as a Potential 
Link Between Lack of Premonitoring 
Symptoms and Increased Risk of Cardiac Arrest 
During Physical Stress 
Eike Hoberg, MD, Gerhard Schuler, MD, Bernd Kunze, RA, Anne-Liese Obermoser, RN, 


Klaus Hauer, Hans-Peter Mautner, MD, Gunter Schlierf, MD, 
and Wolfgang Kubler, MD 


The risk of cardiac arrest is increased during 
strenuous physical exercise in patients with stable 
coronary artery disease (CAD). Because premoni- 
toring symptoms are rarely observed, silent myo- 
cardial ischemia may represent the pathophysiolog- 
ical basis for the induction of malignant ventricular 
arrhythmias. Holter monitoring was, therefore, per- 
formed in 40 consecutive patients entering a ran- 
domized intervention trial on progression of CAD. 
In 20 of 21 participants (95%) in the intervention 
program 71 episode of silent myocardial ischemia 
was observed during the initial training session. 
The mean duration of silent myocardial ischemia 
per patient was 25 + 13 min/hr of training session. 
During normal daily activity only 5 patients (2496) 
experienced >1 episode of silent myocardial isch- 
emia (p <0.001) yielding a mean duration of 0.6 + 
1.3 minutes of silent myocardial ischemia/hr of or- 
dinary activity per patient (p «0.001 vs training 
session). During a control period of 24 hours with- 
out exercise training the incidence (3396) and mean 
duration of silent myocardial ischemia (0.8 + 2.1 
min/hr/patient) were similar to those during normal 
daily activity on the day of the training session. 
During the training session the occurrence of fre- 
quent or repetitive ventricular arrhythmias was re- 
lated to 10 silent myocardial ischemia episodes de- 
tected in 5 patients. During normal daily activity in 
1 patient only was the onset of malignant ventricu- 
lar arrhythmias associated with silent myocardial 
ischemia (p «0.05). Conditions and results of the 
Holter studies in the control group patients were 
comparable to those of the patients in the interven- 
tion group on the day without physical exercise. 

Silent myocardial ischemia-related malignant 
ventricular arrhythmias can be provoked by physi- 
cal stress in a substantial subset of patients with 
clinically stable CAD. Hence, silent myocardial isch- 
emia may be the missing link between the in- 
creased risk of cardiac arrest and the lack of pre- 
monitoring symptoms during supervised exercise in 
cardiac rehabilitation programs. 

(Am J Cardiol 1990;65:583-589) 


of most secondary prevention programs for coronary 

artery disease (CAD). The salutary effects have 
been documented by several clinical studies.'~> In addi- 
tion to improving exercise tolerance by peripheral adap- 
tive changes,?6 stress-induced myocardial ischemia it- 
self seems to be affected beneficially.?^ The incidence of 
exertion-related cardiac arrest is increased during su- 
pervised training sessions of cardiac rehabilitation pro- 
grams compared to other activities of the participants. ’ 
According to experimental studies, life-threatening ven- 
tricular tachyarrhythmias can be initiated and main- 
tained during early myocardial ischemia? Cardiac ar- 
rest may be induced by moderate to strenuous physical 
exercise in CAD patients, yet premonitoring symptoms 
have rarely been reported.’ Hence, silent myocardial 
ischemia could provide a link between exertion-related 
cardiac arrest and missing premonitoring symptoms. 
The aim of this study was, therefore, to determine the 
frequency of malignant ventricular arrhythmias that are 
related to silent myocardial ischemia during supervised 
exercise training sessions and during normal daily activ- 


ity. 


METHODS 

Patient population: The study group consisted of 40 
male patients aged 43 to 64 (mean 54) years, who were 
participating in a randomized trial of the influence of 
regular physical exercise and low fat diet on the pro- 
gression of CAD. Patients were selected only after 
coronary angiography was performed. Inclusion criteria 
were: male sex, age «65 years, proven CAD (>70% 
stenosis of 21 major vessel) and willingness to partici- 
pate in the intervention program for >12 months. Ex- 
clusion criteria consisted of previous coronary bypass 
surgery or coronary angioplasty, left main CAD, severe- 
ly depressed left ventricular function (ejection fraction 


[55 adjusted physical exercise is a mainstay 
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TABLE I Patient Characteristics 


Intervention Group 





` 22 





(n= 21) 




















Age (yrs) 5325 

Vessels involved (n) 2.0+0.7 
RNV EF (%) 54+ 10 
A RNV EF (96) —0.4 4+ 6.9 


Previous MI (n) 0.7 0.5 
Max workload (watts)* 146 + 30 
Max heart rate (beats /min)* 1484+ 18 
Max HR x BP (mm Hg/ min X 1,000)* 27 X7 
Gensini score 36 + 22 
Patients taking 8 blockers 12 
Patients taking calcium antagonists 9 
Patients taking nitrates 11 





* During symptom-limited bicycle exercise testing upon entry into the study. 


<35%), congestive heart failure, valvular heart disease, 
uncontrolled hypertension, insulin-dependent diabetes 
mellitus, primary hypercholesterolemia (low density li- 
poprotein >210 mg/dl) or presence of disabling noncar- 
diac disease. 

After informed consent was obtained, patients were 
randomized to either a control group, which received 
usual care according to present guidelines (n — 19), or 
an intervention group (n = 21). The intervention pro- 
gram was based on a low fat diet and regular physical 
exercise consisting of supervised group training sessions 
twice a week and bicycle ergometer training for 10 min- 
utes once daily, individually adjusted to 75% of the 
symptom-limited maximal heart rate. Antianginal ther- 
apy, including nitrates, B blockers and calcium antago- 
nists, was prescribed as necessary. No patient received 
digitalis glycosides within 4 weeks before entry into the 
study. Patients in the control group did not differ signif- 
icantly from those in the intervention group with respect 
to age, number of obstructed vessels, coronary score 
(Gensini),'? left ventricular ejection fraction, history of 
prior myocardial infarctions, exercise electrocardiogram 
parameters or antianginal therapy (Table 1). Two pa- 


Duration of SMI 
40 


BP = blood pressure; EF = ejection fraction; HR = heart rate; MI = myocardial infarction; NS = not significant; RNV = radionuclide ventriculography. 


Control Group 
(n= 17) 


519 NS 

2.1 € 10.5 NS 
0.8 € 0.6 NS 
163 + 29 NS 
151 15 NS 
2845 NS 

54+ 45 NS 

7 NS 

7 NS 








tients in the control group were excluded from the 
Holter studies, due to constant or intermittent left bun- 
dle branch block. 

Holter monitoring: Frequency modulated Holter 
monitoring (Oxford Medilog 2-FM) of leads CM; and 
CC; was performed within 2 weeks after entry into the 
study. In the intervention group the two 24-hour moni- 
toring periods were on the day of the first group train- 
ing session and a training-free day. The control group 
was investigated during ordinary activity. Patients were 
asked to keep a detailed diary of their activities and 
symptoms. Calibrated tapes (Oxford Z.M-2) were re- 
played at 60 times normal speed. The playback unit 
(Oxford PB 4) was linked to a Pathfinder Holter elec- 
trocardiogram analyzer (Reynolds Medical). ST-seg- 
ment analysis was based on high resolution trend re- 
cordings of relative ST-segment deviation and heart 
rate (Trend System, Reynolds Medical), as described in 
detail previously.!! Episodes were interpreted to indicate 
myocardial ischemia when ST-segment elevations or 
horizontal or downsloping ST-segment depressions 20.1 
mV were observed for =1 minute. Whenever the differ- 
entiation between upsloping and horizontal ST segment 
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m, Control Group 


FIGURE 1. Mean duration of silent myo- 
cardial ischemia during the training ses- 
sion and ordinary activity in the interven- 
tion group (open bars) and in the control 
group (hatched bars). *** During the 
training session the duration of silent 
myocardial ischemia was significantly 
longer (p <0.001) compared to the other 
3 monitoring periods. 


didam 


a 





depressions was impeded by artifacts or high heart 
rates, only episodes of >10 consecutive complexes with 
clearly horizontal ST-segment depressions were accept- 
ed as expression of myocardial ischemia. 

Computer-assisted analysis of ventricular arrhyth- 
mias (Pathfinder 3, Reynolds Medical) was double- 
checked by full disclosure electrocardiographic print- 
outs (32 cm/min) analyzed by 2 experienced investiga- 
tors. For summation of single premature ventricular 
contractions ventricular bigeminy was not taken into ac- 
count. Ischemia-related malignant ventricular arrhyth- 
mias were defined as an abrupt increase in the rate of 
premature ventricular contractions (Z2 standard devi- 
ations compared to 10-minute intervals during the pre- 
ceding 2 hours) resulting in frequent (75 single prema- 
ture ventricular contractions/min) or repetitive (22 
consecutive premature ventricular contractions, RR in- 
terval <600 ms) ventricular arrhythmias—or onset of 
abrupt increase in premature ventricular beat rate after 
230 seconds of significant ST-segment deviations. 

Radionuclide ventriculography: Gated blood pool 
cardiac scintigraphy was performed with patients in the 
horizontal position at rest and during maximal symp- 
tom-limited exercise. Left ventricular ejection fraction 
was calculated by computer analysis as previously de- 
scribed. !? 

Statistical analysis: For statistical evaluation non- 
parametric tests (the Mann-Whitney U test for compar- 


FIGURE 2. High resolution trend record- 


isons of the control group with the intervention group, 
the Wilcoxon signed-rank test for intraindividual com- 
parisons and Fisher's exact test) were used.? 


RESULTS 

Incidence of silent ischemia: During the day of the 
initial training session 20 of 21 patients (95%) in the 
intervention group developed 21 episode of silent myo- 
cardial ischemia. Only 7 of the participants (33%) in 
the intervention program had silent myocardial isch- 
emia during the control day (p «0.001). Similarly, the 
number of episodes of silent myocardial ischemia was 
higher on the day of the first training session than on 
the control day (67 vs 28, p <0.01). This difference was 
due to an increased incidence of silent myocardial isch- 
emia during the training session (2.3 + 1.3 episodes/hr/ 
patient); during normal daily activities the mean num- 
ber of silent myocardial ischemia episodes/hr was com- 
parable on both the training and control days (0.06 + 
0.12/patient on the traning day vs 0.09 + 0.17/patient 
on the control day, difference not significant). 

Four of 17 patients (2496) in the control group devel- 
oped a total of 24 episodes of silent myocardial ischemia 
during ordinary daily activities. Hence, the incidence 
of silent myocardial ischemia in the control group 
(0.09 + 0.2 episodes/hr/patient) did not differ signifi- 
cantly from that of the intervention group during nor- 
mal daily activities. It was, however, markedly lower 
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TABLE Il Characteristics of Patients With and Without Silent Myocardial Ischemia-Related Ventricular Arrhythmias During the First 
Training Session (Intervention Group) 


Ischemia-Related 
Ventricular Arrhythmias 


Present 
(n= 5) 


Age (yrs) 

Vessels involved (n) 

RNV EF (%) 

A RNV EF (%) 

Previous MI (n) 

Max HR X BP (mm Hg/min X 1,000)* 
Gensini score 

Patients taking 8 blockers (96) 


* During symptom-limited bicycle exercise upon entry into the study. 
Abbreviations as in Table l. 


compared to the incidence of silent myocardial ischemia 
during the training session (p <0.001). Neither the pa- 
tients in the intervention group nor the patients in the 
control group demonstrated any episode of silent myo- 
cardial ischemia during bed rest. 

The mean duration of ischemic episodes was similar 
under all conditions in both patient groups. Duration of 
silent myocardial ischemia was, therefore, markedly 
longer during the initial exercise training (25 + 13 min/ 
hr/patient) compared to normal daily activity on the 
day of the first training session (0.6 + 1.3 min/hr/pa- 
tient, p <0.001), or on the training-free day (0.8 + 2.1 
min/hr/patient, p <0.001), or in the control group (0.9 
+ 2.1 min/hr/patient, p <0.001) (Figure 1). 

Ischemia-related malignant ventricular arrhyth- 
mias: During the training session 10 episodes of silent 
myocardial ischemia were identified in 5 patients of the 


Single PVCs 
125 





intervention group (24%); they were associated with fre- 
quent or repetitive ventricular arrhythmias. Six of these 
episodes were characterized by an abrupt increase in the 
premature ventricular beat rate. During 3 episodes of 
silent myocardial ischemia the occurrence of couplets or 
triplets was observed as was an increased frequency of 
single premature ventricular contractions. One patient 
developed silent myocardial ischemia-related nonsus- 
tained ventricular flutter (Figure 2). In all of the 5 pa- 
tients additional episodes of myocardial ischemia not as- 
sociated with ventricular arrhythmias were observed. 
Repetitive ventricular arrhythmias were exclusively re- 
lated to silent myocardial ischemia during the training 
sessions. 

In the 5 patients with silent myocardial ischemia- 
related ventricular arrhythmias the number of single 
premature ventricular contractions was significantly 


Pa Training session 


£u 
A Normal activity 


FIGURE 3. Single premature ventricular 
contractions (PVC) during training ses- 
sions and normal activity in the 5 patients 
with silent myocardial ischemia-related 
ventricular arrhythmias (SMI-related VA) 
and in the remaining 16 patients in the in- 
tervention group. The patients with silent 
myocardial ischemia-related ventricular 
ectopy had single premature ventricular 
contractions more frequently during the 
training session compared to other 
activities (p «0.05). 
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Patients without 
SMI- ey dil VA 





higher during the training session compared to normal 
activities (78 + 45 vs 3.3 + 4.2/hr/patient, p <0.05). 
In the remaining 16 patients in the intervention group 
the frequency of single premature ventricular contrac- 
tions was similar on both occasions (4.7 + 9.5/hr of 
training/patient vs 6.8 + 20.7 /hr of normal activity / 
patient, difference not significant) (Figure 3). In the 
training group, during normal daily activity on the 
training day only 1 episode of silent myocardial isch- 
emia was detected that was accompanied by the onset 
of malignant ventricular arrhythmias (silent myocardial 
ischemia-related ventricular arrhythmias during train- 
ing vs normal activity p <0.05). In this patient only an- 
other 3 silent myocardial ischemia episodes with malig- 
nant ventricular arrhythmias were identified on the 
training-free day (silent myocardial ischemia-related 
ventricular arrhythmias on the day of training vs train- 
ing-free day, p <0.05). The incidence of silent myocar- 
dial ischemia-related ventricular arrhythmias in the 
control group (2 episodes in 1 patient) was comparable 
to that in the intervention group during the control day. 

The 5 patients of the intervention group who exhib- 
ited silent myocardial ischemia-related ventricular ar- 
rhythmias did not differ significantly from the remain- 
ing 16 patients in this group with regard to left ven- 
tricular ejection fraction, number of obstructed vessels, 
coronary score, number of patients taking 8 blockers, or 
maximal pressure-frequency product during bicycle er- 
gometer testing (Table II). During exercise mean left 
ventricular ejection fraction decreased by 5 + 10% in 
the patients with ventricular arrhythmias, and increased 
by 1 + 5% in the patients without them (difference not 


Training Session 
Heart rate 


2 min 


"UC 


= (1/min) 


6 -5 -4 -3 2 - (0) 
Time before onset of VA (min) 


= (1/ min) 


significant). The number of previous myocardial infarc- 
tions was smaller in the patients with ischemia-induced 
ventricular arrhythmias compared to the other patients 
in the intervention group. During stress testing on entry 
into the study, 1 patient developed intermittent ventric- 
ular bigeminy for 30 seconds on 25 watts of workload. 
In another patient single polymorphic premature ven- 
tricular contractions (<5/min) were observed on maxi- 
mal workload (150 watts). On exercise testing none of 
the patients, however, met the criteria of silent myocar- 
dial ischemia-related malignant ventricular arrhythmias 
as defined. 

Symptomatic ischemic episodes: In contrast to si- 
lent episodes, symptomatic episodes of myocardial isch- 
emia were infrequent. During both 24-hour monitoring 
periods 4 patients in the intervention group developed 6 
symptomatic episodes, 4 of which occurred during the 
training session. Two of these episodes were associated 
with frequent and repetitive ventricular arrhythmias in 
l patient. This patient also demonstrated silent myocar- 
dial ischemia-related ventricular arrhythmias. In 2 con- 
trol group patients, 3 symptomatic episodes of ischemia 
were observed; none was related to silent myocardial 
ischemia. 


DISCUSSION 

The results of this study imply a causal relation be- 
tween silent myocardial ischemia and malignant ven- 
tricular arrhythmias in a subset of patients with clinical- 
ly stable CAD. During a total of 2,698 hours of 
ordinary activity monitored in 38 patients with angio- 
graphically proven CAD, 6 of 71 episodes of silent myo- 


Exercise Testing 
Heart rate 


3.6 min 


^5 -4 -3 -2 -1 OQ +H 
Time before and after the end 
of Stress testing 


FIGURE 4. Time course of heart rates before the onset of ventricular ectopy (0 min) in each of the 5 patients who developed 
silent myocardial ischemia-related ventricular arrhythmias (VA) during training sessions (left). Right shows the time course 
of heart rates during exercise testing in the same patients. Compared to exercise testing, the acceleration of heart 

rate during training sessions was higher, resulting in a shorter time interval needed to reach the maximal heart rate. 
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cardial ischemia (8%) detected in 2 patients (5%) were 
accompanied by an abrupt onset of frequent single pre- 
mature ventricular contractions. During 21 hours of ex- 
ercise training monitored in the 21 patients in the inter- 
vention group, 10 of 48 silent myocardial ischemia 
episodes (21%) observed in 5 patients (24%) were asso- 
ciated with frequent or repetitive premature ventricular 
contractions. Silent myocardial ischemia-related repeti- 
tive ventricular arrhythmias were exclusively observed 
during the training sessions. Hence, strenuous physical 
exercise obviously facilitates the occurrence of both si- 
lent myocardial ischemia and silent myocardial isch- 
emia-related malignant ventricular arrhythmias. 

The increased frequency of silent myocardial isch- 
emia during the training sessions is due to increased 
myocardial oxygen demand. In all patients maximal 
heart rates during exercise training exceeded those dur- 
ing normal daily activity. During bicycle exercise test- 
ing, however, no ischemia-related malignant ventricular 
arrhythmias were observed. Additional factors may, 
therefore, be operating to trigger ventricular arrhyth- 
mias during training-related periods of silent myocardi- 
al ischemia. In the patients with malignant ventricular 
arrhythmias during training sessions, mean maximal 
heart rates during training and bicycle stress testing 
were comparable. The magnitude of ST-segment de- 
pression was also similar during these 2 conditions. 
Analysis of the acceleration of heart rates during exer- 
cise testing and training sessions may yield a possible 
explanation: during training sessions a maximal heart 
rate of 120 beats/min was reached within 2 minutes, 
whereas during exercise testing the same heart rate was 
reached only after 3.6 minutes (Figure 4). Accordingly, 
the acceleration of the heart rate was significantly 
greater during the training session compared to bicycle 
stress testing (32.8 + 8.8 vs 21.6 + 4.9 beats/min?, p 
<0.05). Experimental animal studies suggest that in- 
creased sympathetic activity may represent the media- 
tor for both the rapid increase in heart rate and 
the jenemia-related increased ectopic ventricular activi- 
ty.! -16 

By use of 3-dimensional mapping Pogwizd and 
Corr? showed that the initiation and maintenance of 
ventricular tachycardia during early ischemia is due to 
intramural reentry and to nonreentrant mechanisms. In 
clinical settings, the association between transient myo- 
cardial ischemia and malignant ventricular arrhythmias 
seems to be infrequent in patients with CAD without 
acute myocardial infarction: many ischemic episodes in 
large populations of patients with stable and unstable 
angina have been described without reference to related 
ventricular arrhythmias. In this study, during normal 


daily activity only 5% of the patients developed an 


abrupt increase in premature ventricular beat rate asso- 
ciated with significant ST-segment depression. So far, 
the potency of silent myocardial ischemia to induce 
ventricular arrhythmias has been demonstrated during 
Holter monitoring in only a few cases." ?? In addition, 
Sharma et al?! found an 80% incidence of exercise-in- 
duced silent myocardial ischemia in 15 CAD patients 
who survived out-of-hospital ventricular fibrillation. 
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The occurrence of ventricular arrhythmias during silent 
myocardial ischemia, however, was not reported in these 
patients. 

According to previous studies the risk of cardiac ar- 
rest is increased 6- to 10-fold during supervised training 
sessions of cardiac rehabilitation programs.’ The under- 
lying mechanism for induction of the life-threatening 
ventricular arrhythmias, however, remained unclear.” 
In this study the incidence of silent myocardial isch- 
emia-related malignant ventricular arrhythmias was in- 
creased 5-fold during training sessions. It is conceivable 
that silent myocardial ischemia may be causally related 
to the induction of ventricular arrhythmias in a sub- 
group of CAD patients. 

Limitations of the study: Horizontal or downsloping 
ST-segment depressions 20.1 mV during frequency- 
modulated Holter monitoring have been demonstrated 
to represent myocardial ischemia. During exercise 
training the identification of significant ST-segment de- 
pression was impeded by artifacts and high heart rates 
in some patients. The high resolution trend recordings 
of relative ST-segment deviations facilitated the detec- 
tion of episodic ST-segment depressions 20.1 mV under 
these conditions. The differentiation between upsloping 
and horizontal ST-segment depressions may still remain 
difficult. In this study only episodes of 210 consecutive 
complexes with clearly horizontal ST-segment depres- 
sions on the electrocardiographic printout were accepted 
as expression of myocardial ischemia. Hence, it cannot 
be excluded that the true number of ischemic episodes 
during the training session may be even higher—but not 
lower—than reported. 

The definition used in this study for malignant ven- 
tricular arrhythmias is deduced from previous Holter 
studies in postinfarction patients: frequent single prema- 
ture ventricular contractions (>10/hr) have been iden- 
tified as an independent risk factor for sudden death in 
2 large multicenter trials.2425 In our study, only 1 of the 
5 patients in whom silent myocardial ischemia-related 
ventricular arrhythmias were identified presented with a 
history of previous myocardial infarction. Thus, the 
prognostic implications of the detected ventricular ar- 
rhythmias remain uncertain. Nevertheless, 1 patient 
collapsed during the training session due to nonsus- 
tained ventricular flutter associated with silent myocar- 
dial ischemia. This demonstrates the potential risk of 
silent myocardial ischemia-related ventricular arrhyth- 
mias. 

Clinical implications: Upon entry in cardiac rehabili- 
tation programs exercise testing is usually performed to 
fix individual limits of exertion. According to current 
reports, establishing such limits does not decrease the 
risk of cardiac arrest during training sessions.”° 7° In the 
present study, none of the 5 patients developed ventricu- 
lar arrhythmias during stress testing comparable to 
those observed on Holter monitoring during the training 
session. Even continuous electrocardiographic monitor- 
ing on a training-free day may be of little value for the 
identification of patients at special risk for cardiac ar- 
rest during training. On the other hand, Holter monitor- 
ing performed on the day of the first training session 





identified a subgroup of patients with exercise-related 
ventricular arrhythmias. In the absence of anginal pain 
ST-segment analysis demonstrated the association of 
these ventricular arrhythmias to episodes of silent myo- 
cardial ischemia. Holter monitoring on the day of the 
first training session may, therefore, represent the best 
method available at present for the identification of pa- 
tients at special risk for exertion-related ventricular 
arrhythmias. 
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Catheterization for Evaluation of Coronary 


Artery Disease 
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The value of right-sided cardiac catheterization 
was assessed prospectively in 200 patients under- 
going left-sided catheterization for evaluation of 
known or suspected coronary artery disease. Be- 
fore catheterization, data from right-sided cathe- 
terization was not felt to be necessary for clinical 
management. There were 6 + 2 extra minutes of 
procedure time and 86 + 63 extra seconds of fluor- 
oscopy time used. Abnormalities were detected in 
69 (35%) patients. These findings were unexpected 
in 37 of these patients and in 3 patients, further 
evaluation was prompted. However, management 
was altered in only 3 (1.5%) patients as a result of 
data obtained by right-sided catheterization. In 
conclusion this additional procedure rarely adds 
clinically useful information about patients under- 
going left-sided catheterization and angiography 
for coronary artery disease without a clinical 
indication for right-sided catheterization. 
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heart disease, heart failure, pulmonary hypertension 

and related problems, right-sided cardiac catheter- 
ization is indicated to obtain cardiac output, pressures 
and occasionally angiography and endomyocardial biop- 
sy. Currently, however, most patients undergoing cardi- 
ac catheterization are being evaluated for chest pain 
and coronary artery disease and frequently undergo an 
assessment of left-sided function only. Many have ques- 
tioned!-? the need for right-sided cardiac catheterization 
in this type of patient and current practice varies from 
one institution to another. In some laboratories both 
right- and left-sided catheterization are routinely per- 
formed and the patient is charged for both. In other 
laboratories, both are performed but the patient is 
charged only for left-sided catheterization and still in 
others, right-sided catheterization studies are not rou- 
tinely performed. 

Retrospective studies suggest that right-sided cathe- 
terization in this situation, while not hazardous, does 
not provide information that alters patient management 
and therefore is probably not cost-effective or medically 
indicated. With the current emphasis on cost-conscious- 
ness and the increase in outpatient procedures, the 
question of whether routine right-sided catheterization 
should be done in a patient undergoing catheterization 
for evaluation of definite or possible coronary heart dis- 
ease is important. This study was designed to evaluate 
prospectively the clinical importance and the cost of 
right-sided catheterization in patients undergoing left- 
sided catheterization for evaluation of possible or known 
coronary heart disease. 


E patients with signs and symptoms of valvular 


METHODS 

Patient selection: Two-hundred patients undergoing 
evaluation for possible or definite coronary heart disease 
were selected prospectively from the population under- 
going catheterization at the Shands Hospital at the Uni- 
versity of Florida and the Gainesville Veterans Admin- 
istration Medical Center. Selection was based on clini- 
cal evaluation by the cardiology staff that information 
from right-sided catheterization was not necessary. Pa- 
tients were excluded if they had any of the following: 
clinically indicated right-sided catheterization for valvu- 
lar heart disease; myocardial disease; suspected pulmo- 
nary hypertension; congestive heart failure; pericardial 
disease; congenital heart disease; cardiac transplanta- 


a 





tion; or acute myocardial infarction. Additionally, pa- 
tients who had had a prior normal right-sided catheter- 
ization within 2 years without any intervening events 
were excluded. 

Catheterization procedure: Catheterization was per- 
formed via the femoral artery and vein. Local anesthe- 
sia was given to the appropriate site and venipuncture 
was performed. Using standard Seldinger technique, a 
Sheath with a hemostatic diaphragm was placed for in- 
sertion of the catheters into the femoral vein. At that 
point, a 7Fr balloon flotation catheter with capabilities 
for measuring cardiac output by thermodilution was in- 
serted and moved to the pulmonary artery using fluoro- 
scopic and pressure monitoring. Cardiac Output was 
then determined 3 times by the thermodilution tech- 
nique. Fluoroscopy time was measured as the amount of 
fluoroscopy time taken to perform this procedure until 
the end of the cardiac output determination. 

The left-sided catheterization procedure was then 
carried out again via the femoral artery using a percuta- 
neous technique. Arterial and mixed venous oxygen sat- 
urations were drawn and aortic and left ventricular 
pressures were recorded concomitantly with right-sided 
pressures by pullback. The balloon flotation catheter 
was then left in the inferior vena cava while the remain- 
der of the procedure, including angiography, was per- 
formed. Because some have used change in right-sided 
hemodynamics after contrast as an indicator of poor 
cardiac reserve, nonionic or low osmolar contrast agents 
were used in all patients to minimize hemodynamic 
changes due to contrast agent administration. 

Data recorded: HEMODYNAMIC MEASUREMENTS: Nor- 
mal values for variables are as follows: right atrium 
pressure S8 mm Hg; right ventricle systolic pressure 
<30 mm Hg; right ventricle end-diastolic pressure <8 
mm Hg; pulmonary artery systolic pressure <30 mm 
Hg; pulmonary artery diastolic pressure <12 mm Hg; 
pulmonary capillary wedge pressure <12 mm Hg; and 
cardiac index 22.25 liters/min/m?. 

OXYGEN SATURATION: The normal difference between 
saturation from the pulmonary artery and saturation 
from the aorta was considered to be 20 to 30%. 

PROCEDURE TIMES: The time for the equipment setup 
for the right-sided catheterization was not recorded on 
an individual basis, but was a calculated average. Proce- 
dure time was measured as time from initial venous ac- 
cess until the end of cardiac output determination. Du- 
ration of fluoroscopy was determined for performing the 
right-sided catheterization only. 

COMPLICATIONS: Complications including arrhyth- 
mias necessitating treatment, cardiac perforation, deep- 
vein thrombosis or bleeding related to the perfor- 
mance of right-sided catheterization alone were consid- 
ered complications for the purpose of this study. Com- 
plications relating to the arterial procedure were not re- 
ported. 

After the procedure was completed, the staff cardiol- 
ogist performing the catheterization addressed the fol- 
lowing 3 questions: did the data from the right-sided 
catheterization alter the performance of the procedure? 
(e.g., pulmonary angiography, detailed oximetry mea- 



















Age (yrs) 60+ 11 
Sex: M/F 150/50 
CAD 
Significant (75096 stenosis) 149 
None or <50% stenosis 51 
Hemodynamics** 
Right atrium 5+3 
Right ventricle 
Systolic 2648 
End-diastolic 643 
Pulmonary artery diastolic 1145 
Pulmonary capillary wedge 945 
Cardiac index (liters /min /m?) 341 
AVDO> (% saturation) 2525 
Procedure time (min) 6+2 
Fluoroscopy time (s) 86 + 63 










* All data are mean + standard deviation; t all pressures measured in mm Hg. 
AVDO: = arteriovenous oxygen content difference: CAD = coronary artery disease. 








surements, etc.); were any unsuspected abnormalities 
detected as a result of the right-sided catheterization?; 
and did data from the right-sided catheterization alter 
patient management? 

Cost determination: In the Southeast section of the 
country, a formal survey of 4 academic center laborato- 
ries and an informal survey of 7 laboratories, including 
academic and community hospitals, was undertaken. 
The laboratory directors were asked what the added 
technical and professional costs were when a right-sided 
heart catheterization was performed in addition to a 
standard left-sided heart catheterization, including coro- 
nary and left ventricular angiography. A mean value 
was determined and used to calculate the final cost. 


RESULTS 

Demographic and mean data from the 200 patients 
studied are listed in Table I. These patients seemed to 
comprise a fairly representative group undergoing cardi- 
ac catheterization and coronary angiography. 

Procedure time: Additional time was necessary for 
the technologists to set up the procedure. All supplies 
were disposable and the equipment for right-sided heart 
catheterization in our laboratories is prepackaged as a 
set for this purpose. The calculated time for additional 
laboratory setup was 5 minutes. Calibration for the car- 
diac output computer and hemodynamic measurements 
was incorporated into the procedure time. The proce- 
dure time as calculated from venous access to the end of 
the cardiac output determination was 6 + 2 min (range 
2 to 14). In addition, 86 + 63 seconds (range 6 to 324) 
of extra fluoroscopy time was used for the right-sided 
catheterization. 

Complications: Complications related to right-sided 
catheterization were limited to 1 episode of transient 
right bundle branch block in a patient with a previously 
normal electrocardiogram and normal coronary arter- 
ies. This resolved within 1 hour of the procedure with- 
out sequelae. No patient required a temporary pace- 
maker during the catheterization or angiography. 

Abnormalities detected, alteration of catheteriza- 
tion and management changes: There were 69 (35%) 
patients who had at least 1 and often >1 value outside 
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the normal range for right-sided hemodynamics. This 
group included 22 patients with an elevated right atrial 
pressure (range 9 to 17 mm Hg), 39 with an elevated 
right ventricular systolic pressure (range 31 to 70 mm 
Hg), 29 with an elevated right ventricular end-diastolic 
pressure (range 9 to 20 mm Hg), 52 with an elevated 
pulmonary artery diastolic pressure (range 13 to 32 mm 
Hg) and 40 with an elevated pulmonary capillary 
wedge pressure (range 13 to 38 mm Hg). 
In addition, 53 patients had a reduced cardiac index 
(range 1.3 to 2.23 liters/min/m?), 20 had a widened 
arteriovenous oxygen difference and 20 had a narrowed 
arteriovenous oxygen difference. No patient was noted 
to have a pulmonic valve gradient. 

The catheterization procedure was altered in only 2 
patients as a result of data obtained from the right-sided 
catheterization. One patient had high right-sided pres- 
sures from a presumed right ventricular infarction and 
more cautious fluid administration was used with no 
complications. In 1 other patient, a narrow arterio- 
venous oxygen difference prompted more complete oxy- 
gen saturation measurements, which failed to reveal a 
shunt. 

Unexpected findings were noted in 37 patients. 
These findings were generally mild right-sided pressure 
abnormalities and resulted in no further evaluation in 
33 patients. In 4 patients, further diagnostic tests were 
performed as a result of unexplained findings from 
right-sided catheterization. These included 3 patients 
who had 2-dimensional echocardiograms and 1 patient 
who had studies performed to rule out sleep apnea as a 
cause of moderate pulmonary hypertension. 

Despite all these abnormalities, however, data from 
right-sided catheterization altered management in only 
3 (1.5%) patients. One patient had pulmonary hyperten- 
sion out of proportion to the degree of left ventricular 
dysfunction and treatment was more aggressively insti- 
tuted with afterload reduction and pulmonary vasodila- 
tors. Another patient had unsuspected severe pulmonary 
hypertension with normal coronary arteries and left 
ventricular function and was more aggressively treated 
for this. The final patient had mitral stenosis discovered 
when simultaneous left ventricular and pulmonary cap- 
illary wedge pressures were measured. This patient had 
been seen and examined by 3 staff cardiologists, all of 
whom missed the mitral stenosis which was later con- 
firmed by 2-dimensional echocardiography; the patient 
received mitral valve replacement in addition to coro- 
nary artery bypass surgery. 

Cost: Using the mean values determined from our 
survey, each right-sided catheterization study cost $775 
or a total of $155,000 for the study group. With the 
yield of 3 patients in this study who had information 
discovered that influenced management, obtaining this 
information cost $51,667 per patient. 


DISCUSSION 

This is the first prospective study of its type to test 
the value of right-sided catheterization in patients 
undergoing left-sided catheterization for evaluation of 
known or suspected coronary artery disease. Most previ- 
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ous reports have been retrospective and thus, subject to 
patient selection bias. In the current study, all patients 
were evaluated before catheterization by a staff cardiol- 
ogist and a cardiology trainee who determined that data 
obtained from right-sided catheterization was not essen- 
tial to management. 

A recent retrospective study reported by Barron et 
al^ suggested that abnormal findings discovered by 
right-sided catheterization might potentially influence 
patient management, but it is not possible to determine 
if management was actually altered. In a similar retro- 
spective analysis, Shanes et a? found insufficient abnor- 
malities to justify the routine use of right-sided cathe- 
terization in 219 patients evaluated. Another study re- 
ported by Friedman evaluated 100 consecutive male 
patients undergoing catheterization for coronary artery 
disease. He found that both prognostic information and 
data important to the management of the patients were 
obtained primarily from the left-sided catheterization. 
Therefore, he concluded that the routine use of the 
right-sided catheterization was unnecessary in this type 
of patient. 

There are 2 major issues when considering whether 
to perform right-sided catheterization in patients with 
known or suspected coronary artery disease. These is- 
sues are how right-sided catheterization data will influ- 
ence medical therapy and how it will guide periop- 
erative management if coronary surgery is performed. 
Changes in medical management are primarily related 
to the patient's symptomatic status, demonstrable isch- 
emia on some sort of stress testing or measures aimed at 
improving left ventricular function. All of these aspects 
are either understood before catheterization, are as- 
sessed afterward by appropriate noninvasive studies or 
are assessed by left ventriculography. Regarding peri- 
operative management in patients undergoing straight- 
forward coronary artery bypass surgery, most informa- 
tion pertinent to appropriate anesthetic management 
can be concluded from measurement of the left ventric- 
ular end-diastolic pressure. Moreover, surgical risk as- 
sessment is well correlated with ejection fraction. Ex- 
cept in unusual circumstances, it therefore appears that 
data obtained from right-sided catheterization in such 
patients is not necessary for appropriate perioperative 
management. 

Another consideration is whether important infor- 
mation is missed regarding conditions that affect the 
heart, other than coronary artery disease, by not per- 
forming right-sided catheterization routinely. Our data 
suggest that there is occasional information obtained 
that influences patient management but only in a very 
small percentage. However, it is important to emphasize 
that if catheterization procedures are not individualized 
as they were in this study, the potential for missing im- 
portant clinical information is probably greater. Cardiac 
catheterization and angiography must remain as only 
part of a thorough clinical evaluation. 

The final consideration is cost. Attempts to calculate 
costs in different laboratories resulted in the discovery 
of numerous confusing factors. Costs for the laboratory 
fee ranged from $0 to $1,800 (mean 490). An addition- 





al professional fee ranged from $60 to $729 (mean 
285). The difficulty in arriving at a typical charge was 
related to the fact that each laboratory used a slightly 
different method for patient charges. The variability of 
these methods included the following: itemizing supplies 
that were used; itemizing costs by other hospital areas 
such as a central sterile supply area; itemizing costs per 
actual procedure performed such as cardiac output, he- 
modynamic measurement, etc; charging an inclusive fee 
for right-sided catheterization; and charging an inclu- 
sive fee for the entire study regardless of what was per- 
formed. While mention of cost has been made in other 
reported studies, none have evaluated all aspects of it in 
a systematic way. Because of the nature of different 
billing practices and allowances for payment, it is not 
clear what method of cost determination is accurate. 
However, the cost of this procedure is not inconsequen- 
tial. Even if professional fees are not included, there are 
still issues of equipment and technical and professional 
time, which can be significant in a high volume labora- 
tory. Finally, the amount of radiation exposure is in- 
creased to both the patient and staff. 

This study has shown that, in patients undergo- 
ing left-sided catheterization for evaluation of chest 
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pain, the yield of important diagnostic information from 
right-sided catheterization is low and the cost is high. It 


is necessary to stress, however, that this does not pre- 
clude the use of or eliminate the need for right-sided 
catheterization. When there is a diagnostic question not 
clearly answered by left-sided catheterization alone or if 
the clinical circumstances suggest conditions other than 
simple coronary artery disease with relatively normal 
left ventricular function, right-sided catheterization is 
very appropriate and indicated. 
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Value of Electrophysiologic Testing in Patients 
with Previous Myocardial Infarction and 
Nonsustained Ventricular Tachycardia 
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David Poll, MD, Steven Kutalek, MD, Larry Gessman, MD, Larry Muenz, PhD, 
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Previous studies of the value of electrophysiologic 


studies in patients with nonsustained ventricular 
tachycardia (VT) have been hampered by the inclu- 
sion of a small number of patients with various 
types of heart disease. This retrospective study 
was designed to assess the value of programmed 
stimulation in 205 asymptomatic patients who had 
had an acute myocardial infarction >1 month be- 
fore study. Inclusion was based on 24-hour Holter 
monitoring during which patients had to manifest 
73 consecutive ventricular beats at a rate >135 
beats/min. Forty-seven (23%) patients had normal, 
70 (3496) mildly impaired and 88 (43%) severely 
impaired left ventricular function. Programmed 
stimulation, using up to 3 extrastimuli, was used 
in each. Seventy-five patients (36%) were non- 
inducible, 59 (2996) had nonsustained VT («30 
seconds), 67 (3396) had sustained monomorphic 
VT and 4 (296) had either polymorphic VT or ven- 
tricular fibrillation. Eighty-two patients were not 
treated with antiarrhythmic drugs, 57 others were 
placed on a program selected empirically and 66 
had therapy guided by electrophysiologic testing. 
Satisfactory follow-up information was gathered in 
187 of the 205 patients, with a mean follow-up of 
18 months. One hundred forty-two patients are 
alive and well, 39 had sustained VT or sudden 
death and 6 others had a cardiac death. Only left 
ventricular function discriminated those who had a 
sustained arrhythmia or died from those who did 
not. Thus, programmed stimulation did not have in- 
dependent predictive value in patients with nonsus- 
tained VT. However, definite conclusions can be 
reached only with a large prospective study carried 
out in untreated patients. 

(Am J Cardiol 1990;65:594-598) 
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onsustained ventricular tachycardia (VT) re- 
No a thorny clinical problem not only be- 

cause of its ubiquity and prognostic importance, 
but most of all because of a lack of clear guidelines 
regarding need for suppression.!? Ongoing studies such 
as the Cardiac Arrhythmia Suppression Trial were de- 
signed to answer key questions regarding need for ther- 
apy, but the problem of selection of the patient group at 
highest risk of developing sustained arrhythmia has not 
been resolved? Furthermore, the disturbing finding of 
excess mortality in patients treated with 2 separate class 
IC antiarrhythmic drugs makes patient selection even 
more critical. 

Recently, several investigators have used electro- 
physiologic testing in patients with various forms of 
heart disease.^-!? Some suggested that induction of sus- 
tained VT is associated with a poor prognosis.*? Others 
have not been able to define a specific set of results that 
could be used to select those with a greater chance of 
arrhythmia recurrence.!°!! The reasons for this lack of 
consensus are difficult to discern but are likely due to 
the relatively small number of patients with a variety of 
types of structural heart disease included. 

To circumvent these problems, the Philadelphia Ar- 
rhythmia Group, a consortium of hospitals in the Phila- 
delphia area, reviewed their experience with invasive 
electrophysiologic study in 205 patients, all of whom 
had had a previous myocardial infarction and manifest- 
ed nonsustained VT on a 24-hour ambulatory monitor- 
ing. We report the findings of this retrospective study. 


METHODS 

Studies were carried out by 7 participating centers 
of the Philadelphia Arrhythmia Group over a 36-month 
period. To be included in the data analysis, patients had 
to have nonsustained VT—defined as 23 consecutive 
ventricular premature complexes at a rate >135 beats/ 
min lasting <30 seconds on a 24-hour ambulatory elec- 
trocardiographic recording. Each patient had had a pri- 
or myocardial infarction (using enzymatic and electro- 
cardiographic criteria) >1 month before study enroll- 
ment. 

All patients were assigned to a left ventricular func- 
tion class based on results of catheterization (45%), 
radionuclide angiography (38%), or New York Heart 
Association class (17%). Group A = ejection fraction 
>50% or New York Heart Association class I; group B 
= ejection fraction 35 to 50% or New York Heart Asso- 
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ciation class II; and group C = ejection fraction <35% 
or New York Heart Association class III to IV. 

Stimulation protocol: Right ventricular stimulation 
was performed initially at the right ventricular apex, us- 
ing rectangular wave 2-ms stimuli set at twice pacing 
threshold. Electrograms were recorded in standard fash- 
ion from the right ventricle and His bundle area and 
displayed on an oscilloscopic recorder together with sur- 
face electrocardiographic leads. 

The stimulation protocol included the introduction 
of 1 to 3 extrastimuli using 10- to 20-ms decrements 
beginning in late diastole after 8 ventricular drive beats. 
The cycle lengths of the drive sequence ranged from 
400 to 600 ms and the extrastimuli were introduced un- 
til ventricular refractoriness or sustained VT occurred. 
If sustained VT was not initiated, 1 to 2 additional right 
ventricular sites were stimulated. Sustained VT was de- 
fined as lasting 30 seconds or requiring an intervention 
for termination due to hemodynamic intolerance. 

Follow-up: Patient care was conducted by the refer- 
ring physician but follow-up information was gathered 
by each investigator who interviewed the patient either 
in person or by telephone, or contacted the referring 
physician caring for the patient. In all cases, the inter- 
viewer attempted to ascertain the patient’s status as 
alive and well, alive with an episode of intercurrent sus- 
tained VT or dead. If deceased, we questioned relatives 
regarding the circumstances of death to determine if it 
was sudden (witnessed to occur instantaneously or dur- 
ing sleep in a patient known to have been clinically sta- 
ble during the previous 24 hours), cardiac nonsudden, 
or noncardiac. Treatment status was also ascertained. 
Specifically, we attempted to determine if the patient 
was receiving antiarrhythmic drugs and whether they 
were selected based on the results of electrophysiologic 
testing or prescribed empirically. The antiarrhythmic 
drugs used are listed in Table I. 

Discrete variables were analyzed using chi-square 
tests and multivariate log linear models. Results are 
presented as means and differences considered signifi- 
cant at p «0.05. 


RESULTS 

Clinical characteristics: Of the 205 patients, 168 
were men and 37 women, with a mean age of 62 years. 
Myocardial infarctions had occurred in all: 59 were an- 
terior, 76 inferior, 55 non-Q-wave and 15 combination 
anterior and inferior. Mean time from infarction to 
study was 19 months (range 1 to 132). 

Ambulatory monitoring revealed a wide range in the 
number of ventricular salvos, from 1 to 295 in a 24-hour 
period. Salvos of >10 beats were seen in 51 patients 
(25%). Most patients had rapid runs; in fact only 21 
patients (10%) had all runs «150 beats/min. 

Forty-seven patients (23%) had well-preserved left 
ventricular function (group A), 70 (3496) had mild im- 
pairment (group B) and 88 (4396) were severely im- 
paired (group C). 

Results of electrophysiologic study: Programmed 
stimulation yielded no arrhythmia in 75 of the 205 
(36%) patients studied. Nonsustained monomorphic or 





TABLE I Antiarrhythmic Drugs Used During the Study 













Drug 






Amiodarone 















B blocker 

Procainamide 27 
Quinidine 22 
Mexiletine /tocainide 19 
Flecainide / encainide 18 
Verapamil 7 
Disopyramide 7 
Ethmozine 






polymorphic VT was induced in 59 (29%), and sus- 
tained monomorphic VT in 67 (33%). Four patients 
(2%) had a sustained polymorphic VT or ventricular 
fibrillation induced. 

Status of left ventricular function had only a mini- 
mal effect on the results of electrophysiologic testing 
(Figure 1). That is, slightly more patients in group C 
were inducible to sustained monomorphic VT, while 
more patients in group A were noninducible, but neither 
of these differences reached statistical significance. 

Follow-up: Of the 205 patients who were studied, 66 
(32%) had been treated based on the results of the elec- 
trophysiologic test (to suppress nonsustained or sus- 
tained VT), while 57 (28%) were treated empirically, 
and 82 (40%) were left untreated. Only 3 of the 65 pa- 
tients with induced sustained VT were not treated; most 
patients in this group were treated based on the results 
of guided study. Of the 123 patients treated, 38 received 
a combination of 2 antiarrhythmic drugs. 

Mean follow-up for the entire group was 18 months 
(range 1 to 36). One hundred forty-two patients (69%) 
were alive and well without arrhythmia recurrence, 22 











FIGURE 1. Proportion of total cohort (n = 205) in each left 
ventricular function group: no inducible arrhythmia (white 
bars), nonsustained ventricular tachycardia (single cross- 
hatch bars), sustained monomorphic ventricular tachycardia 
(double cross-hatch bars) or polymorphic ventricular tachy- 
cardia or ventricular fibrillation (black bars). Numbers equal 
actual counts for each group. Note that an insignificantly 
greater percentage of patients in the poor left ventricular 
function group were inducible to either nonsustained or sus- 
tained monomorphic ventricular tachycardia. A = good left 
ventricular function; B = moderately impaired left ventricular 
function; C = severely impaired left ventricular function. 
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TABLE Il Clinical Characteristics of Patients Alive and Well 
and of Those Who Had Sustained Ventricular Tachycardia or 
Cardiac Death Among Those with Adequate Follow-up 


VT /Cardiac 
Death 
(n = 45) 


Alive and Well 
(n = 142) 


Holter: runs >10 beats (%) 12 (27) 

Electrophysiology study (%) 
Sustained VT 
Nonsustained VT 
Negative 

Left ventricular function (%) 


35 (25) 


50 (35) 
44 (31) 
48 (34) 


15 (33) 
10 (22) 
20 (45) 


3(7)* 
10 (22) 
32 (71)* 


42 (27) 
56 (37) 
44 (39) 
Treatment (%) 
Guided 
Empiric 
None 


* p <0.01. 
VT = ventricular tachycardia. 


51 (36) 
41 (29) 
50 (35) 


14 (31) 
13 (29) 
18 (40) 


(11%) had had at least 1 episode of sustained VT, 17 
(8%) died suddenly and 6 others (3%) had a cardiac 
death. The other 18 patients could not be contacted. 

Clinical characteristics, results of testing and follow- 
up information for the 187 patients in whom it was 
available, grouped according to outcome, are listed in 
Table II. There was no significant difference between 
patients found to be alive and well and those who had 
died or had arrhythmia recurrence with regard to am- 
bulatory monitoring results, electrophysiologic test re- 
sults or treatment. Only left ventricular function was 
found to be a statistically important predictor of patient 
outcome. This conclusion was the same when the analy- 
sis was performed using only sustained VT or sudden 
death as an endpoint (excluding those with nonsudden 
cardiac death). Likewise, the results remained unaltered 
when we analyzed data only for patients in whom left 
ventricular function was quantified by ejection fraction 
measurement. 
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To analyze more fully the impact of treatment on 
outcome, we plotted the survival of patients with each of 
the 3 possible results of electrophysiologic testing ac- 
cording to the mode of therapy (guided, empiric or 
none) and display that information in Figure 2. The 
percent of patients alive and well at follow-up is similar 
among all groups. The only exception is the 3 patients 
with inducible sustained VT, one of whom had sus- 
tained VT and another a sudden death. Note that the 
survival of patients with inducible sustained or nonsus- 
tained VT was comparable whether or not therapy was 
prescribed empirically or based on the results of invasive 
testing. In addition, patients with no arrhythmia pro- 
voked did about as well whether or not they were treat- 
ed with antiarrhythmic drugs. 


DISCUSSION 

There can now be no question that patients with a 
wide variety of heart disease—especially those with a 
prior myocardial infarction who manifest nonsustained 
VT on a 24-hour ambulatory recording—have a higher 
risk of sustained arrhythmia or death.!6!7 This point 
has been made in several excellent epidemiologic studies 
performed in this decade. As a consequence, several 
studies are now ongoing to determine if drug therapy to 
suppress ventricular arrhythmia confers any protection 
against the development of lethal arrhythmia, and the 
results of those trials should be available within the next 
5 years? The Cardiac Arrhythmia Suppression Trial 
underscores the fact that there is an important need to 
target therapy for those individuals at highest risk. Sev- 
eral investigators have focused on the problem of risk 
prediction using a variety of techniques. The most popu- 
lar tool in these research efforts has been invasive elec- 
trophysiologic testing.*-!? Since this technique has been 
found to be of enormous use in studying patients with 
sustained VT,!5.? it was logical to assume that the abili- 
ty or inability to induce a sustained arrhythmia in pa- 
tients with the proper substrate and previous nonsus- 
tained VT would have predictive value. 


FIGURE 2. Percentage of 187 patients for 
whom adequate follow-up was obtained 
who were alive and well. Results are 
grouped by the results of electrophysiolog- 
ic testing and therapy. Overall survival in 
patients with negative results of pro- 
grammed stimulation, and in those with 
inducible nonsustained ventricular tachy- 
cardia (NSVT) or sustained i 
VT was similar. Note that patients not 
treated with antiarrhythmic drugs (N) had 
a comparable survival to those treated 
either empirically (E) or guided by the 
results of electrophysiologic testing (G). 
The only exception was in the sustained 
VT group in which only 3 patients were 
not treated and 2 of these had an 
arrhythmia recurrence. 
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Results of previous studies: The validity of using 
electrophysiologic studies for this purpose remains un- 
decided. Conclusions of previous studies are divergent 
and can be divided into 3 groups: electrophysiology 
studies are of no value in risk prediction!9.!!; noninduci- 
bility is predictive of a good outcome!2 and inducibility 
of sustained VT augers poorly.+ The last camp has 
called for wide application of electrophysiologic testing 
for selection of patients who might benefit from thera- 
py. This is problematic because response to antiarrhyth- 
mic drugs is variable, and therapy with drugs that have 
a relatively high incidence of proarrhythmia?? may be 
required to render the arrhythmia noninducible. In fact, 
some advocates of the use of electrophysiologic testing 
have used device or surgical therapy in such patients, 
apy Ae they have never had spontaneous, sustained 
VT 


The explanation for the divergent results of previous 
studies is not apparent. We suspect that the major flaw 
of all of the previous studies has been the inclusion of a 
relatively small number of patients with any specific 
form of underlying cardiac disease. In fact, only a few 
studies to date have attempted to carefully segregate 
patients but, because of this selection, even these well- 
done trials have had a small number of patients to ana- 
lyze.^* When the number of endpoints, such as sudden 
death or spontaneous sustained arrhythmia, is small, as 
it has been in all previous studies, there exists a very 
large potential for statistical error in the analysis of 
results. 

The present study: The Philadelphia Arrhythmia 
Group was formed to coordinate resources at several 
centers in the area. Geographical proximity and shared 
philosophy of care permitted the use of a similar testing 
protocol, simple in its design, yet similar to that used in 
most centers. Over a 3-year period, we discovered that 
we had studied 205 patients, all of whom had had a 
remote myocardial infarction and satisfied Holter entry 
criteria. Of these, 187 were available for full outcome 
analysis and form the study cohort. The results are con- 
sistent with previous published studies that found little 
predictive value for the invasive test. That is, patients 
inducible to sustained monomorphic VT fared no worse 
than those whose arrhythmia was not sustained, or who 
had no arrhythmia induced. The overriding feature in 
determining outcome was the extent of left ventricular 
dysfunction.!! As in several previous reports, the ability 
to induce a sustained arrhythmia was mildly influenced 
by the degree of left ventricular dysfunction.?! 

Influence of therapy: Many patients entered into 
this trial were treated with antiarrhythmic drugs that 
may have had a profound effect on their outcome. In 
several, therapy was prescribed based on the results of 
serial electrophysiologic guided testing, whereas in oth- 
ers, a drug was chosen and prescribed without docu- 
mentation of its effectiveness. Unfortunately, we do not 
have sufficient follow-up information to determine the 
amount of ambient arrhythmia suppression in those 
who received antiarrhythmic drug therapy. 

Although not carried out in a randomized fashion, 
information regarding outcome in these 2 treatment 


groups represents the best information we have regard- 
ing the relative value of electropharmacologic testing in 
this population. Surprisingly, arrhythmia-free survival 
was not enhanced using guided therapy compared with 
empiric therapy in patients with inducible sustained or 
nonsustained VT. In the nonsustained VT group, we 
could detect no significant difference between those 
treated and not treated; in fact, patients not treated had 
the best outcome. These facts may indicate that the re- 
sults of invasive testing are not a fit index for the 
selection of antiarrhythmic drug therapy. Alternatively, 
treatment may have had a beneficial effect in the pa- 
tients with inducible sustained VT, whether or not drugs 
were selected empirically or guided by electrophysiolog- 
ic testing. This latter interpretation is not supported by 
the report of Buxton et al’ in which patients treated 
empirically did not fare as well as those treated based 
on the results of electrophysiologic testing. Unfortunate- 
ly, in neither their study nor ours could treatment be 
compared to no treatment in the inducible sustained 
group since so few patients were not treated. This re- 
flects the very strong bias of many physicians that pa- 
tients with a provoked arrhythmia should be treated. 

The results of treatment in the noninducible group 
also deserve comment. By definition, none of these pa- 
tients could have received “guided” therapy. Arrhyth- 
mia-free survival was comparable in the group treated 
empirically and in those not treated. We might have 
anticipated that the treated patients would have had a 
worse outcome if the drugs used in this group had exert- 
ed a proarrhythmic effect. Since nearly half of nonin- 
ducible patients had normal or only moderately im- 
paired left ventricular function, proarrhythmia inci- 
dence in this group would be expected to be low and 
might explain this outcome.?? 

Limitations: This was a retrospective study that 
could not provide a randomized approach to treatment. 
Therefore, the results should be interpreted carefully. In 
fact, therapy itself represents a significant problem in 
the interpretation of the data since any antiarrhythmic 
effect may have been countered by a tendency to proar- 
rhythmia. This effect would be magnified in patients 
with poor left ventricular function making this charac- 
teristic appear, as it did, to be a very important determi- 
nant in survival. The value of the present study is that it 
again suggests that a prospective study in which some 
patients are followed without antiarrhythmic drug ther- 
apy is essential if we are to arrive at a consensus on 
treating patients with nonsustained VT. 

We did not include exercise testing or signal aver- 
aged electrocardiography in this study. Either or both of 
these, used in conjunction with invasive testing, may im- 
prove predictive accuracy. In fact, preliminary studies 
have suggested this to be the case,?2-24 but a definitive 
statement will require application of these ancillary 
techniques in a large number of untreated patients. 

Use of aggressive stimulation protocols may induce a 
“nonclinical” arrhythmia, especially when they incorpo- 
rate rapid pacing and introduction of extrastimuli at 
close coupling intervals.” We avoided introducing ex- 
trastimuli at coupling intervals «180 ms and observed a 
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very low incidence of polymorphic ventricular tachycar- 
dia or fibrillation. However, final conclusions regarding 
the appropriateness of the methods used for risk predic- 
tion must be based on analysis of outcome in prospec- 
tive trials. 

Time from infarction to study may influence the re- 
sults and this factor was not controlled in this study, nor 
could sufficient information be gathered for post hoc 
analysis. Future studies should restrict enrollment to pa- 
tients with manifest arrhythmia within 3 or 6 months of 
their index infarction. 

Finally, the design of the study did not allow for cen- 
tral processing and review of the results of ambulatory 
monitoring, ejection fraction measurement or results of 
programmed stimulation. The results were analyzed 
based on data report forms completed retrospectively 
and submitted by each investigating center, with all of 
the biases that could have been introduced by this ap- 
proach. For example, patient contact method was vari- 
able and not standardized. In addition, loss of data in 18 
patients may have skewed the results. Our plan is to 
initiate a prospective, randomized trial that should obvi- 
ate many of these problems. 
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Philadelphia Arrhythmia Group: Participating 
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Ted D. Friehling, MD, Roger A. Marinchak, MD. 

University of Medicine and Dentistry of New Jersey: Har- 
vey L. Waxman, MD, Kent Volosin, MD, Lou-Anne Beaure- 
gard, MD. 

Thomas Jefferson University: Arnold Greenspon, MD, 
Gregory Kidwell, MD. 
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Pennsylvania Hospital: David Poll, MD, Frank Kempf, 
MD. 

Hahnemann University: Steven Kutalek, MD. 

Deborah Hospital: Larry Gessman, MD, Melvin White, 
MD. 

Biostatistician: Larry Muenz, PhD. 
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Diuretic Therapy and Ventricular Arrhythmias in 
Persons 65 Years of Age and Older 


Martin G. Myers, MD 


pa M BLAU Se ee i a RR. i 
Comparatively high doses of thiazide diuretics have 


been implicated as a possible cause of ventricular 
arrhythmias. With the advent of lower recommend- 
ed dosages, the effect of hydrochlorothiazide 50 
mg daily alone and in combination with the potassi- 
um-sparing drug, amiloride 5 mg, on the frequency 
and severity of ventricular arrhythmias was exam- 
ined in 37 elderly patients. The mean age was 81 + 
2 years. The study used a randomized, double- 
blind, crossover design with 3 treatment phases: 
hydrochlorothiazide, hydrochlorothiazide + amilo- 
ride and placebo. A 24-hour Holter monitor record- 
ing and serum potassium measurement were ob- 
tained at the end of each treatment. Mean serum 
potassium was significantly (p <0.001) reduced 
with hydrochlorothiazide (3.5 + 1 mEg/liter) com- 
pared with placebo (4.1 + 0.1) and hydrochlorothi- 
azide + amiloride (4.1 + 0.1). Serious ventricular 
arrhythmias occurred in 13 of 37 patients receiving 
hydrochlorothiazide compared with 15 of 37 re- 
ceiving placebo and 9 of 37 receiving hydrochloro- 
thiazide + amiloride. Patients who exhibited ven- 
tricular ectopy during the placebo phase tended to 
have an increase in the number of ventricular pre- 
mature complexes receiving hydrochlorothiazide, 
although the difference was not statistically signifi- 
cant. There was a significant (p — 0.045) difference 
in the hourly ventricular premature complex fre- 
quency for hydrochlorothiazide compared with hy- 
drochlorothiazide + amiloride. Patients with hypo- 
kalemia did not exhibit greater ventricular ectopic 
activity than those with a normal serum potassium, 
and concurrent digoxin therapy did not affect ar- 
rhythmia occurrence. Hydrochlorothiazide, 50 mg 
daily, did not affect the frequency or severity of 
ventricular ectopic activity in this elderly 
population. 

(Am J Cardiol 1990;65:599-603) 
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controversy on the subject of diuretics as a 

cause of ventricular arrhythmias. In an exten- 
sive review of 30 publications reported before 1982, 
Harrington et al! found little evidence to substantiate 
the belief that hypokalemia causes an increase in ven- 
tricular ectopic activity. Since then, a number of re- 
ports^? have further examined the possible arrhythmo- 
genic effects of thiazide diuretics. The results have been 
somewhat contradictory, with some investigators report- 
ing a relation between thiazide therapy and increased 
arrhythmia occurrence and others finding no such asso- 
ciation.?-? 

It is likely that differences in patient selection, dose 
of diuretics and study design have contributed to these 
contradictory results. Concerns regarding methodology 
include the absence of a placebo control, inclusion of 
patients who had previously demonstrated hypokalemia 
or arrhythmias while receiving diuretics and use of com- 
paratively high doses of thiazides. To date, there does 
not appear to have been a randomized, controlled trial 
in a relatively unselected patient population that com- 
pared arrhythmia occurrence while receiving currently 
recommended doses of hydrochlorothiazide compared 
with placebo. 

Thiazide diuretics are frequently prescribed to the 
elderly for treatment of hypertension and other car- 
diovascular conditions." Older individuals also exhibit 
more frequent ventricular ectopy even in the absence of 
clinically evident heart disease.!! To define more pre- 
cisely the possible arrhythmogenic effects of thiazides, a 
randomized, placebo-controlled trial was undertaken in 
a group of older patients already receiving diuretic ther- 
apy. Ventricular ectopic activity on 24-hour Holter 
monitor recordings was determined during treatment 
with hydrochlorothiazide alone, in combination with 
amiloride and in comparison with placebo. The goal was 
to ascertain if the use of the diuretic would increase 
arrhythmia frequency and if the addition of the potassi- 
um-sparing drug amiloride would alter the anticipated 
arrhythmogenic effects of thiazide therapy. 


I) uring the past decade there has been considerable 


METHODS 

Patients: Residents of 2 chronic care institutions 
were screened for possible participation in this study. 
The criteria for eligibility included a minimum age of 
65 years, no active congestive heart failure in the previ- 
ous 2 years, diastolic blood pressure «100 mm Hg, diu- 
retic treatment for at least 1 month, no hepatic or renal 
disease and no serious concurrent diseases likely to af- 
fect survival within 6 months. Of 47 patients entered, 10 
did not complete the study. Reasons for withdrawal in- 
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TABLE Frequency of VPC and Complex Arrhythmia 
Occurrence while Receiving HCTZ, Placebo and HCTZ + 
Amiloride in the 37 Subjects 






Pts with 
Mean Hourly 
VPC Frequency 


HCTZ + 
HCTZ Placebo  Amiloride 





Pts with ventricular couplets 9 11 
Total couplets 42 33 2 
Pts with ventricular tachycardia 2 4 
Total episodes of ventricular tachycardia — 5 5 


HCTZ = hydrochlorothiazide; VPC = ventricular premature complex. 


cluded the development of congestive heart failure (3 
receiving placebo), poor cooperation (3 receiving hydro- 
chlorothiazide), 1 patient each receiving hydrochlorothi- 
azide having gastrointestinal bleeding, painful feet and 
fatal carcinoma and 1 patient receiving placebo having 
hyperkalemia. The mean age was 78 + 2 years for the 
23 male participants and 86 + 2 years for the 14 female 
participants. The primary indication for diuretic thera- 
py (number of subjects) was hypertension (18), heart 
failure (12), edema (3) and unknown (4). All subjects 
gave written informed consent before participation in 
the study. 

Study design and procedures: The study was de- 
signed as a double-blind, randomized, within-patient, 
triple crossover comparison between hydrochlorothia- 
zide, hydrochlorothiazide + amiloride and placebo. The 
order of treatments was decided by Latin square ran- 
domization. All subjects received 6 weeks of therapy 
with hydrochlorothiazide 50 mg, hydrochlorothiazide 
50 mg + amiloride 5 mg (Moduret) and placebo given 
as a single tablet once daily. Each treatment was indis- 
tinguishable with respect to tablet appearance and taste. 
At the end of each of the 3 phases, a continuous 24- 
hour Holter electrocardiographic recording was per- 
formed and blood samples were taken in duplicate for 
serum potassium estimation. Concurrent medications 
were continued providing they did not affect serum 
potassium. Before entry, all patients underwent a com- 
plete history, physical examination, 12-lead electrocar- 
diogram, chest x-ray and routine hematology and clini- 
cal biochemistry testing. All subjects were followed by 
the study nurse at weekly intervals and were assessed by 
a physician at the end of each treatment phase or more 
frequently if clinically indicated. 

The 24-hour Holter electrocardiographic recordings 
were interpreted using a Space Labs model 90101 
analyzer. All readings were performed by a specially 
trained technician without knowledge of the study day, 
with a cardiologist reviewing the final electrocardio- 
graphic data. Total counts of isolated, coupled and sal- 
vos of ventricular premature complexes (VPCs) were 
noted. The presence of 273 consecutive VPCs at a rate 
of at least 120 beats/min was designated as ventricular 
tachycardia. The primary endpoint was the presence of 
clinically important ventricular ectopic activity defined 
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as Z1 of the following: a minimum of 30 VPCs/hour 
during the recording, ventricular couplets or ventricular 
tachycardia. Other comparisons of interest included the 
possible reversal of any hydrochlorothiazide-induced ar- 
rhythmias by the addition of the potassium-sparing 
drug amiloride, the proportion of ventricular arrhyth- 
mias in patients becoming hypokalemic while receiving 
hydrochlorothiazide and the effect of hydrochlorothia- 
zide in patients receiving concurrent digoxin 
therapy. Data expressed as proportions were assessed 
using McNemar’s test. Confidence intervals (90%, 1- 
tail) were computed to estimate the power when no ap- 
parent differences between groups were detected. A 1- 
tail test was considered appropriate as there is 
no rationale for presupposing that thiazide diuretics 
would reduce arrhythmia occurrence. 


RESULTS 

Clinically important ventricular arrhythmias, de- 
fined as at least 30 VPCs/hour, ventricular couplets or 
ventricular tachycardia, were similar at the end of the 
hydrochlorothiazide and placebo periods. Of 37 pa- 
tients, 13 exhibited serious ventricular ectopic activity 
while receiving hydrochlorothiazide, compared with 15 
receiving placebo. The confidence limits method of clin- 
ical equivalence or similarity around placebo indicated 
with 90% certainty that hydrochlorothiazide may in- 
crease arrhythmias by 13.1% or may decrease arrhyth- 
mias by as much as 23.9%. For example, if the propor- 
tion of patients exhibiting arrhythmias while receiving 
placebo remained constant at 15 of 37, there was a 90% 
likelihood that no more than 18 of 37 would exhibit 
arrhythmias while receiving hydrochlorothiazide. 

Of interest, only 9 patients had serious ventricular 
ectopic activity during the hydrochlorothiazide + amilo- 
ride phase. This proportion was not significantly differ- 
ent from the corresponding hydrochlorothiazide or pla- 
cebo results, but the 90% confidence interval for hy- 
drochlorothiazide + amiloride versus placebo strongly 
suggested that arrhythmias would be much less likely to 
occur while receiving hydrochlorothiazide + amiloride. 
Expressed as the confidence limits of clinical similarity, 
hydrochlorothiazide + amiloride may increase arrhyth- 
mias by 1.4% or may decrease arrhythmias by 33.8%. 

Table I lists the frequency of occurrence of VPCs, 
ventricular couplets and ventricular tachycardia. There 
was a trend toward more VPCs while receiving hydro- 
chlorothiazide compared with placebo or hydrochloro- 
thiazide + amiloride as seen in Figure 1, which shows 
hourly VPC occurrence in all patients having at least 1 
VPC/hour. Comparing hourly VPC rates between hy- 
drochlorothiazide and placebo, 17 patients exhibited an 
increase in VPC occurrence while receiving hydrochlo- 
rothiazide versus 8 being higher while receiving placebo 
(p = 0.110). Significantly (p = 0.045) more patients 
showed an increase in the hourly VPC frequency while 
receiving hydrochlorothiazide (18) compared with hy- 
drochlorothiazide + amiloride (7). The mean log hourly 
VPC rate was compared for hydrochlorothiazide versus 
placebo and hydrochlorothiazide versus hydrochlorothi- 
azide + amiloride, but no statistically significant differ- 


(nan 





ences were observed (p = 0.326 and p = 0.225, respec- 
tively). 

Thus, although hydrochlorothiazide did not cause 
any significant change in the occurrence of serious ven- 
tricular ectopic activity according to the primary out- 
come measurement of the study, secondary analysis 
suggests that hydrochlorothiazide may increase the oc- 
currence of VPCs in patients who exhibit at least | 
VPC/hour while receiving placebo. 

Hypokalemia (defined as a serum potassium <3.5 
mEq/liter) occurred in 13 patients during the hydro- 
chlorothiazide phase but only 1 patient in each of the 
hydrochlorothiazide + amiloride and placebo phases. 
The mean serum potassium was significantly lower (p 
<0.001) while receiving hydrochlorothiazide (3.5 + 
0.1) compared with placebo (4.1 + 0.1) and hydrochlo- 
rothiazide + amiloride (4.1 + 0.1). The frequency and 
severity of ventricular arrhythmias in the 13 subjects 
exhibiting hypokalemia (mean serum potassium 3.] + 
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0.1, range 2.8 to 3.2) were similar while receiving hy- 
drochlorothiazide versus placebo. Also, the occurrence 
of ventricular ectopy was similar while receiving hydro- 
chlorothiazide and placebo in the small subgroup of 9 
subjects who were receiving concurrent digoxin therapy. 


DISCUSSION 

The primary objective of this study was to determine 
if hydrochlorothiazide at currently recommended doses 
increases the frequency or severity of ventricular ar- 
rhythmias in an older patient population. In comparison 
with placebo, there was no evidence of any increase in 
the occurrence of complex ventricular ectopy while re- 
ceiving hydrochlorothiazide. In patients who exhibited 
VPCs while receiving placebo, there was a trend to an 
increase in the number of ectopic beats during the hy- 
drochlorothiazide phase, but the change was not statisti- 
cally significant. These findings are similar to those re- 
ported by Bause et al, who studied exercise-induced ar- 
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rhythmias in diuretic-treated patients and observed an 
increase in the single VPC frequency with diuretics but 
no change in complex ventricular arrhythmias. Bause et 
al also noted no difference in arrhythmia occurrence in 
patients with and without hypokalemia, a finding that is 
consistent with our own observations. 

Other recent studies on the possible arrhythmogenic 
effects of diuretics have reported somewhat conflicting 
results. Madias et al^ did not observe any increase in the 
frequency or severity of ventricular arrhythmias in 20 
hypertensive patients treated with hydrochlorothiazide, 
100 mg daily. Using a similar dose of hydrochlorothia- 
zide, Papademetriou et al? also found no increase in 
ventricular ectopy in hypertensive patients with and 
without ventricular hypertrophy. In another study, Pa- 
pademetriou et al? corrected hydrochlorothiazide-in- 
duced hypokalemia in 16 hypertensive patients and ob- 
served no improvement in the frequency or severity of 
ventricular ectopy. 

In a recent study comparing the antihypertensive ef- 
ficacy of diltiazem with hydrochlorothiazide, Lechey 
and Hartman!” performed 48-hour Holter electrocar- 
diographic recordings in 32 patients aged 60 years and 
older. Compared with baseline, there was no significant 
increase in the frequency or severity of ventricular ec- 
topy during hydrochlorothiazide therapy. 

In contrast, Holland et al? identified a subgroup of 7 
of 21 patients treated with 100 mg daily who exhibited 
increased ventricular ectopic activity. Potassium reple- 
tion (including the substitution of spironolactone for hy- 
drochlorothiazide) in these 7 individuals reduced ar- 
rhythmia occurrence. In another study, Holland et al’ 
noted an increase in the frequency of unifocal VPCs in 
21 hypertensive patients treated with hydrochlorothia- 
zide, 100 mg daily. The results of a study by Hollifield" 
also showed an increase in exercise-induced arrhythmias 
with hydrochlorothiazide, but doses of up to 200 mg 
daily were used. 

In all instances, relatively high doses of thiazide 
diuretics were prescribed, often with the stated intention 
of inducing hypokalemia. Some studies???7? actually 
confined the enrollment of patients to those who had 
previously demonstrated hypokalemia while receiving 
diuretics, whereas 1 report’ included patients who had 
previously demonstrated cardiac symptoms, including 
palpitations, while receiving thiazide therapy. In anoth- 
er instance,’ patients who demonstrated more complex 
ventricular ectopy while receiving placebo were specifi- 
cally excluded from the study. Thus, differences in pa- 
tient selection could explain some of the conflicting re- 
sults and limit the generalizability of both the positive 
and negative studies. 

A second objective of the present study was to exam- 
ine the effect of adding the potassium-sparing drug 
amiloride to hydrochlorothiazide on the occurrence of 
ventricular arrhythmias. The results indicate that there 
was a Significant reduction in the frequency of ectopics 
with hydrochlorothiazide + amiloride. Two other stud- 
ies have also investigated amiloride in a similar context. 
In 10 patients with hypertension and ischemic heart dis- 
ease, chlorthalidone monotherapy was associated with 
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more ventricular ectopy than amiloride monotherapy.° 
Holland et al? also reported that addition of amiloride 
to hydrochlorothiazide reduced ventricular ectopic ac- 
tivity. Both groups concluded that their findings sug- 
gested an arrhythmogenic effect of hydrochlorothiazide. 
However, an alternative explanation for these observa- 
tions is that amiloride itself may possess antiarrhythmic 
properties, as reported recently by Rabkin and Roob!3 
and Duff et al.!4!> 

There is no doubt that severe hypokalemia has the 
potential to increase the likelihood of a patient develop- 
ing ventricular arrhythmias. In a detailed review of the 
subject, Helfant!® noted that hypokalemia increases 
resting membrane potential (the duration of both the 
action potential and the refractory period), thus predis- 
posing the reentrant arrhythmias. In addition, hypokale- 
mia also increases the threshold potential, leading to 
greater automaticity. 

At this point, the primary issue would seem to be the 
extent to which doses of thiazides currently used in clin- 
ical practice cause or increase ventricular ectopy. Previ- 
ous studies have tended to emphasize the creation of a 
severely hypokalemic state, often in a selected popula- 
tion or in the context of a study design favoring a par- 
ticular outcome. The results of the present study suggest 
that more modest, albeit clinically effective, doses of hy- 
drochlorothiazide do not provoke important increases in 
complex ventricular ectopy, at least not in the elderly. 
Older patients are more likely to be receiving diuretics!? 
and also tend to have a higher background frequency of 
arrhythmias in the untreated state than do younger co- 
horts.!! Although our findings relate specifically to this 
older population, further studies in younger individuals 
with and without preexisting ventricular ectopy would 
seem indicated to extend these initial observations. The 
use of study designs minimizing bias should be encour- 
aged. 


Acknowledgement: I would like to thank P. Parsons, 
RN, for valuable assistance in recruiting potential sub- 
jects and supervising their participation in the study and 
R. Millar for secretarial assistance. This work could not 
have been completed successfully without the coopera- 
tion of R.H. Fisher, MD (Sunnybrook Medical Center), 
E. Johnston, MD (Cummer Lodge), and their col- 
leagues, who were responsible for the daily care of the 
subjects. Merck-Frosst Canada, Inc., kindly provided 
the matching drug supplies and J. Iazzetta, PharmD, 
and C. Lee, BSc Pharm, assisted with the randomiza- 
tion and treatment allocation regimens. 


REFERENCES 

1. Harrington JT, Isner JM, Kassirer JP. Our national obsession with potassium. 
Am J Med 1982;73:155-159. 

2. Holland OB, Nixon JV, Kuhnert L. Diuretic-induced ventricular ectopic activi- 
ty. Am J Med 1981,70:762-768. 

3. Papademetriou V, Fletcher R, Khatri IM, Freis ED. Diuretic-induced hypoka- 
lemia in uncomplicated systemic hypertension: effect of plasma potassium correc- 
tion on cardiac arrhythmias. Am J Cardiol 1983;52:1017-1022. 

4. Madias JE, Madias NE, Gavros HP. Nonarrhythmogenicity of diuretic- 
induced hypokalemia. Arch Intern Med 1984;144:2171-2176. 

5. Papademetriou V, Price M, Notargiacomo A, Gottdiener J, Fletcher RD, Freis 
ED. Effect of diuretic therapy on ventricular arrhythmias in hypertensive patients 
with or without left ventricular hypertrophy. Am Heart J 1985;110:595-599. 





6. Stewart DE, Ikram H, Espiner EA, Nicholls MG. Arrhythmogenic potential of 
diuretic-induced hypokalemia in patients with mild hypertension and ischemic 
heart disease. Br Heart J 1985;54:290-297. 

7. Hollifield JW. Thiazide treatment of hypertension. Am J Med | 986;80(suppl 
4A):8-12. 

8. Bause GS, Fleg JL, Lakatta EG. Exercise-induced arrhythmias in diuretic- 
treated patients with uncomplicated Systemic hypertension. Am J Cardiol 
1987 ;59:874-877. 

9. Holland OB, Kuhnert L, Pollard J, Padia M, Anderson RJ, Blomqvist G. 
Ventricular ectopic activity with diuretic therapy. Am J Hypertens 1988;1:380— 
385. 

10. Myers MG, Weingert ME, Fisher RH, Gryfe CI, Shulman HS. Unnecessary 
diuretic therapy in the elderly. Age Ageing 1982;11:215 -221. 

11. Camm AJ, Evans KE, Ward DE. The rhythm of the heart in active elderly 


subjects. Am Heart J 1980;99:598-603. 

12. Lechey DJ, Hartman E. Comparison of diltiazem and hydrochlorothiazide 
for treatment of patients 60 years of age or older with systemic hypertension. Am J 
Cardiol 1988;62:1218-1223. 

13. Rabkin SW, Roob O. Effect of chronic diuretics on epinephrine-induced 
ventricular arrhythmias: a comparison of hydrochlorothiazide and amiloride in 
the rat. J Cardiovasc Pharmacol 1987;10:238—245. 

14. Duff HJ, Lester WM, Rahmberg M. Amiloride antiarrhythmic and electro- 
physiological activity in the dog. Circulation 1 988;78:1469—1477. 

15. Duff HJ, Mitchell LB, Kavanagh KM, Manyari DE, Gillis AM, Wyse DG. 
Amiloride: antiarrhythmic and electrophysiologic actions in patients with induci- 
ble sustained ventricular tachycardia. Circulation 1989;79:1257-1263. 

16. Helfant RH. Hypokalemia and arrhythmias. Am J Med 1986,80(suppl 
4A):1 3-22. 


THE AMERICAN JOURNAL OF CARDIOLOGY MARCH 1, 1990 603 











Uy 





Effects of Transdermal Scopolamine 
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A decrease in cardiac parasympathetic tone is a 
recognized finding in patients with ischemic heart 
disease, sudden cardiac death and heart failure, 
correlating closely with disease severity and overall 
survival. To study the clinical potential of vago- 
mimetic intervention, the effect of transdermal sco- 
polamine on fluctuations in heart rate was studied 
in 32 healthy adult subjects using both time- 
domain (mean RR interval, standard deviation of 
the mean RR interval, mean of the differences be- 
tween consecutive RR intervals) and frequency- 
domain measures (spectrum analysis of 128 con- 
secutive RR intervals) of heart rate variability. 
After an exposure of 24 hours, transdermal scopol- 
amine resulted in a significant increase in all index- 
es tested. The increase was most pronounced in the 
0.25-Hz respiratory peak of the RR interval power 
spectrum, compatible with a strong vagomimetic 
mode of action of transdermal scopolamine. Results 
indicate that transdermal scopolamine may have 
potential merit as a selective vagotonic agent in 
certain patients with myocardial infarction, 
heart failure or ventricular arrhythmias. 

(Am J Cardiol 1990;65:604-608) 
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decrease in parasympathetic and an increase 
Ae sympathetic tone are recognized alterations in 

cardiovascular neural regulatory mechanisms 
after acute myocardial infarction,' heart failure,’ car- 
diac arrhythmias* and in patients prone to sudden 
death.) Moreover, such changes in autonomic tone may 
progress beyond the initial stage of useful adapta- 
tion, potentially contributing to adverse pathophysiolog- 
ic events, such as ventricular tachyarrhythmias. The de- 


crease in heart rate variability observed in these condi- .. 


tions!-? is believed to reflect such autonomic dysfunc- 
tion. While the benefits of 6-adrenergic blockade have 
received much attention, comparatively little is known 
about the therapeutic potential of vagomimetic agents, 
such as transdermal scopolamine,’ in heart disease.* 

Similar to atropine,’ a related belladonna alkaloid, 
scopolamine acts as a peripheral vagolytic agent at high 
dosages but exerts an opposite, presumably central 
vagotonic effect at lower dosages. The therapeutic 
system, Transderm Scop®, delivers low dose scopola- 
mine (total dose 0.5 mg) at a continuous rate of 0.05 
mg/hr over 3 days.!? A previous study has shown that 
transdermal scopolamine increases baroreflex respon- 
siveness, an index of parasympathetic tone. We hy- 
pothesized, therefore, that the apparent vagomimetic 
action of this agent should also be manifested by an 
increase in heart rate variability. 


METHODS 

After approval by the institutional review board, 32 
healthy and unmedicated adults (4 women, 28 men; 
mean age 33 + 7 years) consented to participate in the 
study. Subjects were studied in the supine position in a 
quiet room with dimmed lights before and after having 
worn 1 patch of transdermal scopolamine behind an ear 
(Transderm Scop®, Ciba Consumer Pharmaceuticals) 
for 24 hours. Steady state of the cardiovascular baro- 
reflex mechanisms was inferred by the absence of a sig- 
nificant difference in the mean RR-interval measure- 
ment over 128 beats in 2 recordings that were 5 minutes 
apart (870 vs 875 ms; p = 0.4; rank comparison of me- 
dian values).? Systolic and diastolic blood pressures 
were measured with a manual cuff sphygmomanometer 
at the end of each recording session. At steady state 
subjects were asked to breathe for 10 minutes at a rate 
of 15 breaths/min using an acoustic metronome signal, 
to maximize entrainment between the respiratory and 
the cardiovascular systems.!? During this time, the stan- 
dard lead II surface electrocardiographic signal was re- 
corded. A Gould ECG/Biotach amplifier (model 13- 
4615-65, Gould Inc.) then generated an amplified (5 
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volt, 25 ms) pulse signal for each QRS complex. The 
resultant QRS event time series was digitized and sam- 
pled at 1,000 samples/s onto the IBM-PC AT personal 
computer-based Gould Data Acquisition and Signal 
Analysis System (DASA 4600, Gould Inc.). Since ec- 
topic beats may adversely affect heart rate variability 
calculations, and since the ECG/Biotach does not, per 
se, distinguish between sinus and ectopic QRS complex- 
es, we verified the absence of ectopic beats by continu- 
ous visual inspection of the analog electrocardiographic 
tracing. Also, since ectopic beats produce a prominent, 
isolated “spike” on the RR-interval tachogram,'4 we an- 
alyzed only “spike-free” tachograms. Motion artifacts 
were equally obviated by continuous observation of the 
subjects and their analog electrocardiographic tracing. 
The beat event time series was then converted to a cor- 
responding sequence of RR intervals calculated in ms, 
using a specifically designed BASIC program. 
Calculations of heart rate variability param- 
eters were performed with the mathematics program 
MATHCAD (version 2.0, Mathsoft Inc.). The follow- 
ing indexes of heart rate variability were calculated!5: 
standard deviation of the mean of 128 consecutive RR 
intervals, mean of the absolute differences between 128 
consecutive RR intervals and the frequency Fourier 
power spectrum of 128 consecutive RR intervals, using 
an arbitrary amplitude (power) scale. With the already 
described protocol that incorporates timed respirations, 
a "low" frequency spectral peak may be identified at 
0.1 Hz and a discrete, narrow based "high" frequency 
respiratory peak at 0.25 Hz. We decided to evaluate 
peak rather than area-under-the-curve-segment values, 
since, in our experimental design, most of the power in 
both low and high frequency regions was concentrated 
within a single, peak frequency component. Moreover, 
area measurements harbor their own pitfalls, because of 
the necessity of assigning either fixed or random lateral 
margins to an area of interest. Since short-term heart 
rate variability may be sensitive to minimal stimuli, we 
tested the reproducibility of our methodology in a pre- 
liminary study of 17 healthy subjects (mean age 29 + 7 
years) in the supine posture, by comparing the same 
time- and frequency-domain measures of heart rate 
variability in 3 segments of 128 RR intervals, 30 min- 
utes apart from each other, by analysis of variance, and 
failed to detect a significant difference (mean RR inter- 
val: p — 0.98; standard deviation: p — 0.91; mean of the 
absolute differences between RR intervals: p 7 0.89; 0.1 


Scopolamine 


listed. Percent differences and corresponding p values refer to pair analyses (nonparametric Wilcoxon matched-pairs, 
BP = diastolic blood pressure; LFP, HFP = power of the low (0.1 Hz) and the high (0.25 Hz) frequency components of the RR interval spectrum; MD = mean of 
R = mean RR interval: SBP = systolic blood pressure; SD = standard deviation of the mean RR interval. 


Percent 


Difference p Value 








1,044 (713, 1289) 19 (—16, 42) «0.0001 
38 (15, 199) 49 (26, 289) 39 (—22, 200) «0.0001 
MD (ms) 23 (8, 84) 39 (19, 141) 85 (—22, 346) «0.0001 
LFP 1,513 (161, 118,651) 2,365 (221, 442,725) 86 (—78, 1,134) «0.03 
HFP 12,138 (113, 170,016) 92,946 (6,990, 313,950) 251 (—56, 9,457) «0.0001 
SBP (mm Hg) 110 (100, 125) 105 (90, 120) -9(-1/, 5) «0.001 
DBP (mm Hg) 70 (60, 90) 70 (45, 80) —6 (—29, 0) «0.001 





signed-ranks test). 
the absolute differ- 






Hz power: p = 0.7; 0.25 Hz power: p = 0.35). These 
data are compatible with published reports on long-term 


reproducibility of heart rate variability parameters. !6 


Statistics: Since the distributions of most of our 
variables were non-Gaussian, data are presented as me- 
dian values with range of extremes. Differences between 


Baseline 


Frequency (Hz) 


Scopolamine 


Frequency (Hz) 


FIGURE 1. Characteristic power spectra of 128 consecutive 
RR intervals before (top) and after (bottom) transdermal sco- 
polamine in a representative subject. The respiratory rate is 
15 breaths/min (0.25 Hz) and results in a distinct ^.25-Hz 
peak, which is dramatically augmented by scopolamine. d — 
power spectral density, arbitrary units. 


THE AMERICAN JOURNAL OF CARDIOLOGY MARCH 1,1990 605 












NW. D I UD T 8 


er i 2 
set Ute dA 


e ; 
LM -a “ad 






TABLE II Correlation Between Percent Changes in Various 
Measurements of Heart Rate Variability 


Spearman's Rank Coefficient 


The p value for a given correlation coefficient is located symmetrically across to the 
left (and below) the blank diagonal. Abbreviations as in Table |. 


baseline and scopolamine were assessed using the non- 
parametric Wilcoxon matched-pairs signed-ranks test. 
Spearman’s rank correlation analysis compared differ- 
ent parameters. Statistical significance was accepted at 
p «0.05. 


RESULTS 

Changes in heart rate variability after transdermal 
scopolamine: Heart rate variability was assessed in all 
31 (97%) patients who were able to complete the study 
(Table I). At baseline, the median of the mean RR in- 
terval was 875 ms with a median blood pressure of 110/ 
70 mm Hg. After wearing transdermal scopolamine for 
24 hours, the RR interval increased 19% to 1,044 (p 
<0.0001) while systolic and diastolic blood pressures 
each decreased by about 5% (p <0.001). The standard 
deviation of the RR interval increased 3996 with scopol- 
amine (p «0.0001); of the 31 patients, only 8 had a 
small decrease or no change. An even greater change 
was seen in the mean absolute difference between con- 
secutive RR intervals, a sensitive index reflecting the 
true beat-by-beat variation,'* which underwent a medi- 


0.1 Hz peak 


Baseline Scopolamine 


FIGURE 2. Transdermal scopolamine increased the power of both the 0.1-Hz (p <0.03) and the 0.25-Hz peak (p «0.0001). 


an increase of 85% after scopolamine (p <0.0001). Only 
3 patients had a decrease in this parameter. 

Spectrum analysis revealed the greatest change be- 
tween baseline and scopolamine administration (Figure 
1). Both the low and the high frequency peak occurred 
at 0.1 + 0.01 Hz and at 0.25 + 0.01 Hz, respectively, at 
baseline and with scopolamine. The absolute power of 
the 0.1 Hz peak increased 86% with scopolamine. There 
was a decrease in the amplitude of the low frequency 
peak in 12 of 31 patients (Figure 2). 

The power of the 0.25 Hz peak increased by 251%. 
Only 6 subjects had small decreases in this parameter 
(Figure 2). The patients who experienced a decrease in 
either parameter showed no characteristics that enabled 
us to distinguish them from those that had an increase 
in either of these variables. Of all variables tested, the 
change in mean RR interval correlated the least with 
the other parameters (Table II); thus, although highly 
significant, changes in mean RR interval did not predict 
the magnitude of changes of all other parameters. 

Drug tolerance: Although side effects occurred in a 
high proportion of subjects (84%), most were minor. 
Dry oral and nasal mucosal surfaces were reported in 
84%, 36% reported drowsiness, 19% had lightheaded- 
ness, 13% had a feeling of emotional uplift and 9% com- 
plained of blurred vision. One subject (3%) removed the 
patch after 2 hours due to dizziness and lightheaded- 
ness. 


DISCUSSION 

Time-domain measures of heart rate variability (i.e., 
standard deviation and mean difference of consecutive 
RR intervals) are traditional indexes of parasympathet- 
ic activity that may have prognostic importance in myo- 
cardial infarction, sudden cardiac death!* and heart 


0.2 
Baseline 3 Hz peak Scopolamine 


“Box” and “whisker” plots highlight the non-Gaussian distribution of the data. The “box” extends from the 25th percentile to 
the 75th percentile with the continuous bar across corresponding to the median or 50th percentile. The dashed line represents 
the mean value. The vertical “whiskers” extend below and above to the Oth and 100th percentiles, respectively. Increases of 
both indexes were highly significant. D — power spectral density, arbitrary units on a logarithmic scale. 
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failure.'!? However, evaluation of the frequency domain 
of RR intervals (spectrum analysis) offers distinct ad- 
vantages”® and is increasingly being used to study auto- 
nomic dysfunction in heart disease. !4:20-22 

Frequency domain analysis of heart rate variability 
typically reveals 3 distinct spectral bands that are close- 
ly related to specific mechanisms. The frequency band 
between 0.04 and 0.08 Hz may represent thermoregula- 
tory input.? A second, low frequency peak at 0.1 Hz 
is related to the baroreceptor reflex24 and receives in- 
puts from both sympathetic and parasympathetic sys- 
tems.'®> A third, high frequency peak beyond 0.1 Hz 
results from the entrainment of cardiovascular and res- 
piratory regulatory mechanisms (respiratory sinus 
arrhythmia)!*/?25 and, during steady-rate respiration, 
centers narrowband at the respiratory frequency. Con- 
siderable evidence exists that this high frequency peak is 
mediated solely by the parasympathetic nervous sys- 
tem.!625 

In the present investigation of healthy subjects we 
have demonstrated that transdermal scopolamine signif- 
icantly increases parasympathetic tone by both time- 
and frequency-domain analyses of heart rate variability. 
The high frequency (0.25 Hz), respiratory peak of the 
power spectrum underwent the most significant (2.5- 
fold) increase. This confirms our previous suggestion!? 
that, compared to time-domain measures, frequency 
analysis of heart rate variability may be a more sensi- 
tive technique for assessing changes in parasympathetic 
tone. The power of the high frequency peak correlates 
with the mean absolute difference between consecutive 
RR intervals and with the standard deviation of the 
mean RR interval. Our study indicates, however, that 
the latter 2 indexes are less sensitive to changes in vagal 
tone. These observations may not apply for data sets of 
longer duration, obtained in the absence of steady-rate 
respiration.^* Ours is the first study to demonstrate sys- 
tematically that the high frequency vagal peak can be 
pharmacologically enhanced as previously suggested 
for low dose intravenous atropine.2’ The comparatively 
small increase (86%) of the low frequency peak may 
reflect the parasympathetically mediated representation 
of the arterial baroreflex in this frequency band.2425 We 
are thus in accord with a previous study, which showed 
an increase in baroreflex sensitivity by transdermal sco- 
polamine.!! 

Although the effect of transdermal scopolamine on 
heart rate variability most likely reflects a vagomimetic 
mode of action, the side effects of dry mouth and 
blurred vision suggest anticholinergic effects. This 
apparent inconsistency leaves questions regarding the 
dose-related mode and site (peripheral vs central) of ac- 
tion of scopolamine, since similarly dose-related, pre- 
sumably central, vagotonic effects have been observed 
for -adrenergic blocking agents.? Direct action within 
the central nervous system may be important, given the 
role of the brain in facilitation of cardiac arrhythmias.?? 

Although our study was not placebo-controlled, a 
previous report'® and our own (unpublished) experience 
have documented the stability of time- and frequency- 
domain parameters of heart rate variability over time. 


Hence, it is unlikely that the highly significant changes 
we observed after scopolamine can be attributed to 
spontaneous fluctuations. Also, since vagal tone declines 
with age, we cannot extrapolate definitively our find- 
ings to a typically older cardiac patient population. 
Despite its appeal as an investigational tool, the ana- 
tomic correlates and physiologic mechanisms of fre- 
quency analysis of heart rate variability remain to be 
fully understood. In particular, the clinical significance 
of spectral power changes during physiologic!?!6 and 
pharmacologic? interventions or during longitudinal 
observation of heart disease?!2? are unclear and require 
further investigation. Finally, the negative impact of ar- 
rhythmias and artifacts on the data quality of spectrum 
analysis cannot be ignored. Although care was taken 
not to include ectopic beats in the data segments we 
analyzed, arrhythmias and artifacts could represent a 
potential limitation in patients with overt heart disease 
and under clinical, less strictly controllable conditions. 
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Efficacy and Tolerance of High- 








Dose Intravenous 


Amiodarone for Recurrent, Refractory 
Ventricular Tachycardia 
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MURS PORT UOCE etre T LE Rm ECT 
High-dose intravenous amiodarone was given to 35 


patients with recurrent life-threatening ventricular 
tachycardia (VT) refractory to conventional anti- 
arrhythmic agents. Intravenous amiodarone was 
given as a 5 mg/kg dose over 30 minutes followed 
by 20 to 30 mg/kg/day as a constant infusion for 
5 days. Twenty-two (63%) patients responded to 
intravenous amiodarone. All 22 responders re- 
ceived oral amiodarone. Thirteen (59%) continue to 
receive oral amiodarone after an average follow-up 
of 19 months, 4 (18%) had sudden cardiac death 
on oral amiodarone, 2 (9%) died while receiving 
amiodarone, secondary to left ventricular failure, 
and 3 (14%) discontinued amiodarone because of 
side effects. Of the 13 (37%) nonresponders, 10 
died in the hospital while receiving intravenous 
amiodarone, secondary to lethal arrhythmia. Three 
nonresponders were discharged from the hospital; 
2 with automatic cardioverter /defibrillators and 1 
receiving a combination of antiarrhythmic agents. 
Serious adverse events occurred in 13 (37%) pa- 
tients during intravenous amiodarone therapy. 
These included hypotension in 8 patients, symp- 
tomatic bradycardia in 4 patients and sinus arrest 
with bradycardia and hypotension in 1 patient. 
Minor side effects occurred in 23 (66%) patients. 
In conclusion, high dose intravenous amiodarone is 
effective in most patients with recurrent, sustained 
VT but is associated with an unacceptably high in- 
cidence of serious adverse events. The optimal dose 
and duration of intravenous amiodarone for 
patients with recurrent, refractory sustained VT 
remain unknown. 

(Am J Cardiol 1990;65:609-614) 
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cated for the management of symptomatic ven- 

tricular tachycardia (VT) and ventricular fibril- 
lation.'-? Amiodarone has a unique pharmacokinet- 
ic profile characterized by a poor oral bioavailability 
(35%), a large volume of distribution (70 liters/kg), ex- 
tensive plasma protein binding (96%) and a long elimi- 
nation half-life (30 to 60 days).^ These pharmacokinetic 
characteristics are thought to be responsible for the de- 
lay between initiation of therapy and the onset of ar- 
rhythmia suppression using conventional oral loading 
regimens.? In patients with life-threatening ventricular 
arrhythmias, rapid antiarrhythmic efficacy is impor- 
tant. We report our experience with a high-dose intrave- 
nous loading regimen of amiodarone in patients with 
refractory sustained VT. 


A miodarone is a potent antiarrhythmic agent indi- 


METHODS 

Thirty-five patients (Table I) with recurrent sus- 
tained VT refractory to conventional antiarrhythmic 
agents comprised the study population. There were 27 
men and 8 women with a mean age of 66 + 9 years. 
Twenty-three patients (6670) had coronary artery dis- 
ease (21 with a prior myocardial infarction), 7 (20%) 
had idiopathic dilated cardiomyopathy, and 5 (14%) 
had valvular heart disease (prosthetic implants: aortic 1, 
mitral 3, and aortic/mitral 1). Their mean cardiotho- 
racic ratio, Killip class and echocardiographically de- 
rived fractional shortening were 0.54 + 0.18, 2.4 + 1.1 
and 24 + 11%, respectively. Thirty-one patients (89%) 
had signs of overt heart failure. 

Patients with an identifiable reversible cause for VT 
(hypokalemia, hypomagnesemia, acute myocardial in- 
farction) were excluded from the study. Patients who 
presented with ventricular fibrillation as their primary 
arrhythmia were also excluded from the study. Sus- 
tained VT had been previously documented in 12 of 35 
(34%) patients, all of whom had been receiving oral 
antiarrhythmic agents. Twenty (57%) patients had a 
history of nonsustained VT of whom 17 had been re- 
ceiving oral antiarrhythmic therapy. Three patients had 
no prior arrhythmia history. 

Patients had been hospitalized for 1 to 4 days before 
treatment with intravenous amiodarone. They had 4 to 
30 (average 9.5) episodes of symptomatic VT lasting 
>30 seconds with rates of 160 to 270 beats/min docu- 
mented by an on-line computerized arrhythmia detec- 
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Heart VT 
Disease 









Intravenous 


ECV Rate AAD AAD 















1 8 

2 10 

3 4 

4 9 

5 60, M CAD 14 

6 71,M CAD 30 

7 76, F CAD 16 

8 68, M CAD 11 

9 65,M CAD 4 
10 68, M CAD 6 
11 71,M CAD 7 
12 64, M CAD 4 
13 54, F CAD 8 
14 63, M CAD 12 
15 63, M CAD 10 
16 75,M CAD 4 
17 67, M CAD 6 
18 63, M CAD 12 
19 75, F CAD 13 
20 78, F CAD 4 
21 65, F CAD 8 
22 63, F CAD 16 
23 51, M CAD 24 
24 69, M CMP 11 
25 71,M IDC 8 
26 51,M IDC 8 
27 48, M IDC 6 
28 62, M IDC 4 
29 72,M IDC 4 
30 58, M IDC 8 
31 83, F VHD 6 
32 63, M VHD 9 
33 72,M VHD 7 
34 82, M VHD 15 
35 62, M VHD 5 














AAD = antiarrhythmic drugs; B = bretyllium; 









tachycardia; — = none. 


tion system.’ VT was recurrent with a frequency of >1 
episode every 2 hours over at least an 8-hour period re- 
quiring 2 to 13 (average 5.8) electrical cardioversions to 
terminate episodes associated with loss of consciousness 
or hypotension. 

Oral antiarrhythmic therapy was discontinued 24 to 
48 hours before amiodarone therapy to exclude drug- 
induced causes of VT (Table I). Intravenous antiar- 
rhythmic drugs that failed to suppress VT before amio- 
darone therapy are listed in Table I. Therapeutic plas- 
ma concentrations of lidocaine (2 to 5 ug/ml) and 
procainamide (4 to 12 ug /ml) were documented in all 
patients. Intravenous lidocaine, procainamide or a com- 
bination of lidocaine and procainamide was continued 
during amiodarone therapy for 12 to 36 hours in 11, 8 
and 12 patients, respectively. No patient had previously 
received amiodarone. Attempts at atrial overdrive pac- 
ing in 3 patients were unsuccessful in controlling VT. 

Before treatment with intravenous amiodarone, pa- 
tients or their families gave written informed consent to 
treatment. Amiodarone was administered as a loading 
dose of 5 mg/kg infused over 30 minutes followed by a 
20 to 30 mg/kg/day constant infusion for 5 days. Addi- 
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ide: ECV = number of episodes requiring electri 


CAD = coronary artery disease; E = encain 
propranolol; Q = quinidine; T = tocainide; VHD 


cardiomyopathy; L = lidocaine; M = mexilitene; P = procainamide; Ph = phenytoin; Pr = 


6 180-220 P,Q,E L, P 

7 160 a L, P,B 

2 210 E L, P,B 

4 187-215 Q, P,M,T L, P 

6 250 P, T,E L, P, Ph 
13 160-200 =e L.P,B 
10 180 Q L, P, B 

7 220 Q,T L,P 

4 160-200 2 L,P 

6 240-260 P, E L, P,B 

4 160-200 P,Q,E L, P, B, Pr 

3 230 P,M L, P,B 

3 185 a L, P, Pr 

8 200 P,Q,M,E L, P,B 

5 220 Q, E L, P 

2 240-260 Q L, P, Pr 

3 200 P L, P,B 

9 160-250 P, M L, P, B 

8 190-215 P.E L, P, Pr 

4 160-180 Q, M, T L, P, Ph 

4 250-270 Q L, P,B 
11 220 P L, P,B 
12 180 P,Q L, P,B 

9 190 Q, M L,P,B 

3 175 Aas L, P 

6 270 Q, M, E L, P 

2 160 Q, M, T, E L, P,B 

4 180 P L, P, B 

4 210 P, M L, P, Pr 

7 190-210 P,Q L, P 

4 200-250 P,M L, P 

6 200-220 gi L,P 

3 180-190 P.M L, P,B 

8 220-240 P L, P, B 

5 220-230 Q L, P 


cal cardioversion; IDC = idiopathic dilated 
= valvular heart disease; VT = ventricular 


tional bolus doses of 150 mg amiodarone were given if 
sustained VT recurred during the infusion. At the end 
of the infusion, patients who responded to intravenous 
amiodarone were switched to oral amiodarone at a dose 
of 600 mg/day for 10 days and then to 400 mg/day 
thereafter. All patients had continuous electrocardio- 
graphic monitoring during and for at least 3 days 
after the termination of intravenous amiodarone. Plas- 
ma amiodarone and desethylamiodarone concentrations 
were obtained in 22 patients at 72 to 96 hours after the 
initiation of amiodarone. Serum amiodarone and des- 
ethylamiodarone concentrations were analyzed using a 
high pressure liquid chromatographic method previous- 
ly reported.* 

After discharge from the hospital, patients were seen 
at 3- to 4-month intervals. Follow-up 24-hour ambula- 
tory (Holter) electrocardiographic recordings, 12-lead 
electrocardiograms and laboratory tests were obtained 
at the discretion of the attending physician. 

Responders to intravenous amiodarone were patients 
who experienced no episodes of sustained VT requiring 
electrical cardioversion after the initial 72 hours of ther- 
apy. Nonresponders were patients who died secondary 





o 





to lethal arrhythmia during the amiodarone infusion or 
who experienced sustained VT requiring cardioversion 
after the initial 72 hours of continuous intravenous ami- 
odarone. 

PR, QRS and QTc intervals were measured before 
the start of the infusion and daily during the infusion. 
The QTc interval was calculated by correction of the 
QT interval to heart rate (RR) using Bazett’s formula: 
QTc = QT/ VRR. 

Differences between responders and nonresponders 
with respect to pretreatment clinical characteristics, 
in-hospital mortality and electrocardiographic changes 
were assessed with the use of chi-square or Student's t 
test. Fisher’s exact test was used instead of the chi- 
square test if a group was predicted to contain <5 sub- 
jects. 


RESULTS 

Twenty-two of the 35 (63%) patients responded to 
intravenous amiodarone (Figure 1). Response from 0 to 
2 hours was seen in 7 (20%) patients. An additional 9 
patients responded from the end of the second to the 
sixth hour, 4 patients responded from the end of the 
sixth to the twenty-fourth hour, and after 24 hours 2 
additional patients had responded, one at 38 hours and 
one at 65 hours. Of the 13 nonresponders, 10 died sec- 
ondary to lethal arrhythmia (6 from ventricular fibrilla- 
tion, 4 from asystole after defibrillation). Three of these 
10 patients died in the first 24 hours after initiation of 
intravenous amiodarone, 4 patients died 72 to 96 hours 





TABLE Il Pretreatment Clinical Characteristics of 
Responders and Nonresponders 


Responders Nonresponders p 
(n = 22) (n = 13) Value 


82% 
















Male 69% 












Mean age (yrs) 62+6 73+8 <0.05 

Mean fractional shortening 27+13 19+8 <0.05 
(%) 

Killip class 1.9 € 0.9 3.24 1.4 <0.05 

Cardiothoracic ratio 0.55 +0.20 0.52415 NS 

Patients with diagnosis of 77 54 NS 
ischemic heart disease (%) 

Patients with diagnosis of 18 23 NS 
cardiomyopathy (%) 

Ventricular tachycardia rate 32 23 NS 
2220 beats/min (%) 





NS = difference not significant. 


after the start of treatment, and 3 patients died 97 to 
108 hours after the start of treatment. 

All of the 22 responders received oral amiodarone. 
Thirteen patients continue to receive oral amiodarone 
after an average follow-up of 19 months. Six of these 
initial responders had a recurrence of sustained VT re- 
quiring hospitalization. In 4 patients the addition of a 
second oral antiarrhythmic agent was required and in 2 


an increase in oral amiodarone dosage was necessary. . 


Four other short-term responders had out-of-hospital 
cardiac arrest resulting in sudden death. Two other 
short-term responders died of heart failure while taking 


35 PATIENTS 
RECEIVING IV A 


22 RESPONDERS 


FIGURE 1. Outcome of 
patients receiving high- 
dose intravenous amioda- 
rone. A = amiodarone; 
AICD = automatic im- 
plantable cardioverter/de- 
fibrillator; CHF = conges- 
tive heart failure; IVA = 
intravenous amiodarone; 
SCD = sudden cardiac 
death; VT = ventricular 
tachycardia. 


13 REMAIN 4 SCD ON 
ON ORAL A ORAL A 
6 VT RECURRENCE 


4 ADDED OTHER ORAL 
ANTIARRHYTHMIC THERAPY 





13 NONRESPONDERS 


3 DISHARGED 10 EXPIRED IN 
FROM HOSPIT^. HOSPITAL ON IVA 
2 WITH AICD 1 ON COMBINATION ANTI- 
ARRHYTHMIC THERAPY 
€ DIED OF 3 STOPPED ORAL A 
CHF ON ORAL A FOR SIDE EFFECTS 


2 INCREASE IN 
ORAL A DOSE 
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TABLE Ill Scalar Electrocardiographic Changes in All Patients, Responders and Nonresponders Receiving High-Dose Intravenous 


Amiodarone 


Total 
(n = 35) (n = 22) 


Before During Before 


HR (beats /min) 66 + 10 
% change 
PR (ms) 
% change 
QRS (ms) 
% change 
QTc (ms) 
% change 
JTc (ms) 


182 + 48 


118 + 32 


487 + 64 


364 + 62 


Responders 


Nonresponders 
(n = 13) 


During Before During p Value* 


62419 76 114 73 € 12 
4 


192 + 56 147 + 49 165 + 34 


122 + 34 111 29 
493 + 60 476 t 71 


371 + 66 352 4: 55 


% change 16 16 15 


* p value comparing percent changes between responders and nonresponders 
HR = heart rate; NS = difference not significant. 


TABLE IV Dose and Amiodarone /Desethylamiodarone Blood Levels in Responders and Nonresponders to IV Amiodarone 
Parameter All Patients Responders Nonresponders p Value 


7,980 + 1,197 
(n = 35) 
132 + 24 
(n = 35) 
2645 

(n = 35) 

2.84 + 1.22 
(n = 22) 

0.96 + 0.30 
(n = 22) 


Total dose 

Dose (mg/kg) 

Dose (mg/kg/day) 

Amiodarone plasma concentration 


DEA plasma concentration 


7,855 + 1,250 
(n = 22) 

130 + 26 
(n = 22) 

2645 

(n = 22) 

2.88 + 1.13 
(n = 15) 

0.93 + 0.28 
(n = 15) 


8,191 + 1,107 NS 
(n = 13) 
135+ 20 NS 
(n = 13) 
2744 NS 
(n = 13) 
2.74 + 1.40 NS 
(n=7) 
1.01 + 0.35 NS 
(n:= 7) 





DEA = desethylamiodarone; NS = difference not significant. 


oral amiodarone and 3 patients discontinued amioda- 
rone therapy due to pulmonary fibrosis. Of the short- 
term nonresponders, 3 patients were discharged from 
the hospital alive. Two received an implantable cardio- 
verter/defibrillator and 1 was discharged on a combina- 
tion of procainamide, tocainide and propranolol. 

Of the pretreatment clinical characteristics, age, Kil- 
lip class and fractional shortening were predictive of re- 
sponse to intravenous amiodarone (Table IT). Respond- 
ers were younger, had a lower Killip class and a higher 
fractional shortening than nonresponders (p «0.05). 
Cardiovascular diagnosis, VT rate, the number or type 
of prior oral or intravenous antiarrhythmic agents used 
and the cardiothoracic ratio were not predictive of re- 
sponse. 

Changes in QRS, QTc and JTc intervals from base- 
line to treatment were not predictive of response (Table 
III). Reduction in the resting heart rate and prolonga- 
tion of the PR interval from pretreatment to the last 
day of intravenous amiodarone therapy were signifi- 
cantly greater in responders than in nonresponders (p 
<0.05). Among responders and nonresponders, there 
was no significant difference in the number of patients 
receiving digoxin (82 vs 85%), 8-adrenergic blocking 
agents (18 vs 15%), or calcium antagonists (59 vs 54%). 
However, 9 nonresponders (69%) were receiving intra- 
venous catecholamines for inotropic support compared 
to only 10 responders (45%). Total intravenous amioda- 
rone dose and serum amiodarone and desethylamio- 
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darone concentrations were also not predictive of re- 
sponse (Table IV). 

Serious adverse events occurred in 13 (37%) patients 
during amiodarone therapy requiring drug discontinua- 
tion or dosage reduction. Hypotension (systolic BP <90 
mm Hg) requiring addition of or increased doses of pos- 
itive inotropic or vasopressor drugs occurred in 8 (23%) 
patients. Four of these patients were nonresponders. 
Symptomatic bradycardia occurred in 4 (11%) patients 
requiring temporary pacing. Two of these patients were 
nonresponders. The 2 responders required permanent 
pacemakers. One other patient developed sinus arrest 
during the loading bolus resulting in bradycardia and 
hypotension, which lasted approximately 20 minutes. 
This patient died 72 hours after the start of intrave- 
nous amiodarone therapy with postdefibrillation asys- 
tole. Amiodarone dose and amiodarone/desethylamio- 
darone plasma concentrations in patients with serious 
adverse effects were not significantly different from the 
group as a whole. 

Minor side effects that did not require interruption 
of the amiodarone infusion occurred in 23 (66%) pa- 
tients. First-degree atrioventricular block (PR interval 
20.24 second) occurred in 10 patients, nonspecific 
maculopapular rash occurred in 2 patients, increased se- 
rum transaminase levels (aspartate transaminase, ala- 
nine transaminase) occurred in 3 patients and central 
nervous system side effects occurred in 2 patients (1 
tremor, 1 irritability and confusion). Initially, 10 pa- 


SE .- 





tients received amiodarone infusions at an admixture 
concentration of 5.6 mg/ml. Six patients developed su- 
perficial phlebitis. The infusions extravasated in 2 pa- 
tients with resultant tissue necrosis. The subsequent 25 
patients received amiodarone at an admixture concen- 
tration of 2.5 mg/ml. No patient developed significant 
phlebitis. 

Of the 22 short-term responders discharged receiv- 
ing oral amiodarone, 3 discontinued it due to the devel- 
opment of symptomatic pulmonary fibrosis. Side effects 
not requiring drug discontinuation included proximal 
muscle weakness in 2 patients, hypothyroidism in 1 pa- 
tient and elevation of serum transaminases (aspartate 
transaminase, alanine transaminase) in 4 patients. 


DISCUSSION 

The onset of action of intravenous amiodarone in pa- 
tients with ventricular ectopic activity is more rapid 
than that observed with oral amiodarone,’ but con- 
trolled studies comparing oral and intravenous amioda- 
rone in patients with life-threatening VT have not been 
reported. The optimal dose and duration of intravenous 
amiodarone in patients with recurrent sustained VT are 
unknown. 

In the largest reported experience to date, Helmy et 
al'® found intravenous amiodarone to be effective in 27 
of 46 (58%) patients with recurrent, refractory sus- 
tained VT or ventricular fibrillation. Fifteen of these 27 
(33%) patients responded within 2 hours of the initia- 
tion of therapy and 26 (56%) patients responded within 
72 hours. An additional 6 (13%) patients were late re- 
sponders to oral amiodarone. In that study, intravenous 
amiodarone was given as a 5 mg/kg loading dose over 
30 minutes, a fixed dose of 1,000 mg/day for 3 days 
followed by 800 mg/day of oral amiodarone. Serious 
toxicity was observed in 6 (1395) patients (2 bradycar- 
dia, 2 hypotension and 2 torsades de pointes). 

Other reported experience with intravenous amioda- 
rone in the emergency treatment of life-threatening ven- 
tricular arrhythmias has been in smaller groups of pa- 
tients. In 4 separate reports, a total of 51 patients re- 
ceived an intravenous amiodarone dose of 5 to 10 mg/ 
kg as a bolus followed by 10 to 20 mg/kg/day as a 
constant infusion for up to 3 days.!!-!^ Overall response 
was seen in 34 (67%) patients with serious toxicity oc- 
curring in <10% of these patients. 

Our response rate of 63% using an intravenous amio- 
darone dose of 20 to 30 mg/kg/day is similar to that 
when doses of 10 to 20 mg/kg/day are used.!°-!4 Seven 
(2096) patients responded within 2 hours with 20 (57%) 
patients responding in the first 24 hours. Serious side 
effects attributable to intravenous amiodarone occurred 
in 37% of our patients; Helmy et al! reported 13% and 
others!!-!^ reported <10%. 

Predictors of response in our study included less ad- 
vanced age, absence of left ventricular dysfunction, PR 
interval prolongation and a reduction in resting heart 
rate. Left ventricular function has been identified as a 
predictor of response, but age, PR interval prolongation 
and a reduction in heart rate have not been previously 
identified as markers of successful therapy.!0-1^ The 


greater frequency of intravenous catecholamine use in 
nonresponders may explain the apparent lack of effect 
of amiodarone on PR interval and heart rate in this 
group of patients. Whether the reduction in resting 
heart rate and increase in PR interval in the responders 
reflects a greater sensitivity to the B-adrenergic blocking 
effect of amiodarone is unknown. 

QT interval prolongation did not differentiate re- 
sponders from nonresponders in our study. This finding 
is consistent with the experience of Helmy et al,!° who 
found no correlation between QT prolongation and re- 
sponse. Dose and drug levels did not predict outcome 
because responders and nonresponders received similar 
total amiodarone doses and had similar amiodarone / 
desethylamiodarone plasma concentrations. 

We chose a high-dose amiodarone regimen using 20 
to 30 mg/kg/day for 5 days based on pharmacokinetic 
studies that showed amiodarone to have a large volume 
of distribution (70 liters/kg).4 Based on a desired plas- 
ma amiodarone concentration of 2 ug/ml, a total amio- 
darone loading dose of 140 mg/kg would be required. 
With a daily dose of 20 mg/kg/day, 7 days would be 
required to reach the target loading dose. At the aver- 
age dose of 26 mg/kg/day used in our study, about 5 
days of intravenous therapy would be required. The re- 
sultant plasma amiodarone concentrations (mean 2.84 
ug/ml) using this dosing regimen were higher than ex- 
pected. This may have been secondary to decreased 
drug clearance in these critically ill patients. 

Intravenous amiodarone effectively abolishes recur- 
rent, refractory sustained VT in most patients, usually 
within with the first 24 hours. Despite our attempt to 
improve upon the reported efficacy of intravenous amio- 
darone through the use of a high-dose loading regimen, 
Our response rate was no better than that reported by 
Helmy et al.!° In addition, serious toxicity was more 
common in our patients. Until the results of dose com- 
parative trials have established the optimal dose and du- 
ration of intravenous amiodarone, currently available 
data suggest that a dosage regimen consisting of a 5 
mg/kg bolus over 30 minutes followed by a 10 to 20 
mg/kg/day infusion for 3 days should be used. 
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Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,! and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol ? 
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Raised low HDL 25% 


—in patients whose baseline HDL was below 
35 mg/dL in the landmark Helsinki Heart Study (HHS)? 


Reduced heart attack 
incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose 
baseline HDL was below the median (464 mg/dL). Incidence 
of serious coronary events was similar for LOPID and placebo 
subgroups with baseline HDL above the median (464 mg/dL)3 


Raised HDL levels 1% to 3 
times more effectively than lovastatin 


—in a 12-week, double-blind, randomized trial among 
patients with moderate to severe hyperlipidemia. 
Lovastatin achieved greater reductions in total serum 
cholesterol than gemfibrozil in this study population 


RAISES HDL 
DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease 
(CHD) in Type IIb patients with low HDL, in addition to elevated LDL 
and triglycerides, and who have had an inadequate response to weight 
loss, diet, exercise, and other pharmacologic agents such as bile acid 
sequestrants and nicotinic acid. 


“Defined as a combination of definite coronary death and/or definite 
myocardial infarction. 


References: 1. Goldstein JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in 
coronary heart disease. |. Lipid levels in 500 survivors of myocardial infarction. | Clin Invest. 
1973;52:1533-1543. 2. Assmann G, Schulte H. PROCAM- Trial: Prospective Cardiovascular Münster 
Trial. Zürich: Panscientia Verlag; 1986:8-9. 3. Data on file, Medical Affairs Dept, Parke-Davis 

4. Tikkanen MJ, Helve E, Jááttelà A, et al. Comparison between lovastatin and gemfibrozil in the 
treatment of primary hypercholesterolemia: the Finnish Multicenter Study. Am | Cardiol. 
1988;62:35]-43]. 


Please see last page of this advertisement for warnings, contraindications, and 
brief summary of prescribing information. 
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Before prescribing, please see full prescribing information. 
A Brief Summary follows. 


CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis 

2. Preexisting gallbladder disease (See WARNINGS). 

3. Hypersensitivity to gemfibrozil. 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 
with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 1V2 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 12 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p 0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications 
Frequent prothrombin determinations are advisáble until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn 

6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p=0.1). In high dose female rats, there 
was a Significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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from controls in the incidence of liver tumors, but the doses tested were lower than those 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two other drugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. 

5. Pregnancy Category B— Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white 0101010 fers] 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%) 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1 4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common In the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS) 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase, 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles: Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; /ntegumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive. measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Engl J Med 
1987:317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription. 
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Programmed Ventricular Stimulation Using 


Up to Two Extrastimuli and Repetition 
of Double Extrastimulation for Induction 


of Ventricular Tachycardia: A New Highly 





Sensitive and Specific Protocol 
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The sensitivity and specificity of a new protocol of 


programmed ventricular stimulation were evaluated 
in 71 consecutive patients who were divided into 2 
groups: group 1 included 41 patients, of whom 25 
had sustained ventricular tachycardia (VT) not as- 
sociated with cardiac arrest and 16 had ventricular 
fibrillation (VF) not precipitated by any obvious fac- 
tor; group 2 included 30 patients without demon- 
strable heart disease and no suspected or docu- 
mented sustained ventricular tachyarrhythmias. 
The study consisted of a standard protocol (up to 2 
extrastimuli given only once for each extrastimulus 
prematurity, 2 right ventricular sites and 3 basic 
pacing cycle lengths, as well as rapid ventricular 
pacing) in which double extrastimulation at the 
shortest coupling intervals that allowed ventricular 
capture was repeated 10 times. A stimulus current 
of 3 mA was used. Sustained ventricular tachy- 
arrhythmias were induced in 23 of 25 (92%) pa- 
tients who presented with sustained VT, 14 of 16 
(88%) patients who presented with VF and 2 of 30 
(7%) group 2 patients. Eighteen of 25 (72%) pa- 
tients with sustained VT but only 4 of 16 (25%) 
with VF had arrhythmias inducible at “immediate” 
trials of single or double extrastimulation (p 
<0.01). Repetition of double extrastimulation in- 
creased the yield of inducible sustained ventricular 
tachyarrhythmia to 92% in patients with sustained 
VT (+20%, p = 0.14) and 75% (+50%, p = 0.013) 
in patients with VF. Rapid right ventricular pacing 
added a 13% increase in the overall yield in pa- 
tients with VF. This new protocol of programmed 
ventricular stimulation has both high sensitivity 
(90%) and specificity (93%) for induction of sus- 
tained VT. Repeated extrastimulation probably 
plays an important role in the high sensitivity for 
VT induction of this protocol, especially in patients 
with VF. 

(Am J Cardiol 1990;65:615-622) 
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mong the many factors that affect sensitivity 
Ax specificity of protocols of programmed ven- 
tricular stimulation for induction of ventricular 
tachycardia (VT), the number of extrastimuli adminis- 
tered is probably the single factor that has the largest 
influence.! Protocols that use up to 2 extrastimuli have 
a sensitivity lower than those using 73 extrastimuli, but 
unlike the latter only very seldom induce nonspecific re- 
sponses.^^ Thus, a protocol of ventricular stimulation 
that uses up to 2 extrastimuli could be the optimal pro- 
tocol, provided its sensitivity is substantially increased. 
In standard protocols the effects of extrastimuli are 
tested only once at a given coupling interval of the 
extrastimulated beats until ventricular refractoriness is 
reached or sustained VT induced. Recently, we have 
noted that induction of VT using up to 2 extrastimuli 
can be facilitated by repeating double extrastimulation 
at the shortest coupling intervals that result in ventricu- 
lar capture (unpublished observations). Prompted by 
these observations, we prospectively evaluated the sensi- 
tivity and specificity of a protocol that used up to 2 
extrastimuli and included repeated double extrastimula- 
tion, in a series of 71 consecutive patients. 


METHODS 

Study patients: Two groups of patients were studied 
(Table I). Group 1 comprised 41 patients who had ex- 
perienced 21 episode of either sustained VT not associ- 
ated with cardiac arrest (25), or ventricular fibrillation 
(VF) (16). Patients in whom tachyarrhythmias oc- 
curred in the setting of acute myocardial infarction or 
ischemia, electrolyte imbalance, long QT or preexcita- 
tion syndrome, antiarrhythmic drug toxicity or exercise 
testing were not included. In all the patients but 1 who 
had a history of myocardial infarction, the latter oc- 
curred 22 months before electrophysiologic study. 
There were no statistically significant differences be- 
tween patients who presented with sustained VT and 
those who presented with VF with respect to gender, 
age, nature of cardiac disease and left ventricular ejec- 
tion fraction (Table I). Group 2 comprised 30 patients 
without previously documented or suspected sustained 
ventricular tachyarrhythmias. All 30 patients had no 
demonstrable heart disease, as attested by normal phys- 
ical examination, normal echocardiographic Doppler 
and radionuclide ventriculographic (technetium-99) 
studies, and the absence of myocardial ischemia during 
maximal exercise testing; those group 2 patients who 
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TABLE I Clinical Characteristics of the Study Patients 


Spontaneously Occurring Arrhythmias 


——7TTU098577 


Group 1 














Group 2 
NA 





SUVT VF Total 














Sex: M/F 24/1 14/2 38/3 24/6 
Age (yrs) 56412 51417 54414 33414 
Cardiac disease 
CAD (s/p MI) 17 (16) 10 (10) 27 (26) 0 
Myocardial / valvular 3 1 4 0 
None 5 5 10 30 
LVEF (%) 33415 41417 36416 5924 












CAD = coronary artery disease; LVEF = left ventricular ejection fraction; MI = 
myocardial infarction; NA = no previous sustained ventricular tachyarrhythmias; s/p 
= status post; SUVT = sustained ventricular tachycardia; VF = ventricular fibrillation. 





had inducible sustained ventricular tachyarrhythmias 
had normal coronary, right and left ventricular angio- 
grams. Twenty-three patients had high-grade ventricu- 
lar arrhythmias and 7 had nonsustained VT as docu- 
mented by 24-hour Holter monitoring. Our justification 
for studying these patients as a “control” group was 
based on the results of previous studies showing that 
this patient population is at a very low risk for develop- 
ing sudden cardiac death or inducible sustained VT 
with programmed ventricular stimulation using up to 2 
extrastimuli.5-? 

Fifteen patients, all in group 1, were taking antiar- 
rhythmic drugs at the time of arrhythmia occurrence 
(sustained VT: 11 patients; VF: 4 patients). In none of 
them, however, was the spontaneous arrhythmias felt to 
be of proarrhythmic origin. The antiarrhythmic thera- 
pies included amiodarone (7), a class IA or IB antiar- 
rhythmic drug (6) or a combination of these agents (2). 
Amiodarone was discontinued for 26 weeks in only 1 of 
the 9 patients before the study. The other antiarrhyth- 
mic drugs were discontinued 25 half-lives before the 
study. 

Protocol of ventricular stimulation: The following 
protocol was used until either a sustained VT was initi- 
ated or the protocol was completed. Step 1 was single 
ventricular extrastimulation during sinus rhythm. The 
extrastimulus (Si) was applied after 8 sinus beats first 
at half-diastole and its prematurity progressively in- 
creased by 10-ms decrements to the point of ventricular 
refractoriness. 

Step 2 was single ventricular extrastimulation during 
basic paced rhythm (S;S;). The extrastimulus (S2) 
was applied after 8 paced beats, first at a basic cycle 
length of 600 ms beginning at an SiS? interval of 300 
ms and shortening SiS ; by 10-ms decrements until 
ventricular refractoriness was reached. Extrastimulation 
was repeated in a similar fashion at cycle lengths of 500 
and 400 ms, beginning at SS; intervals that were 20 ms 
above the effective refractory periods of the ventricle 
found at cycle lengths of 600 and 500 ms, respectively. 

Step 3 was double ventricular extrastimulation dur- 
ing sinus rhythm. The first extrastimulus (Si) was given 
at a prematurity RS;, which was longer by 10 ms than 
the one that resulted in ventricular refractoriness. The 
second extrastimulus (S2) was applied at progressively 
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TABLE II Induced Ventricular Arrhythmias in the Study 
Patients 


Induced Ventricular Arrhythmias 


——  á————  — — ——— 


SUVT NSUVT 

















MVT PVT None 





Total MVT PVT Total 






Spontaneous arrhythmias 


SUVT* (25)(%) 23(92) 21* 2!  1(4) 1 0 1 (4) 
VF (16) (%) 14(88 9§ 5% 1(6 O 1 1 (6) 
NA (30) (%) 247 VOERD OS 3(10) O 3 25 (83) 













* Monomorphic and polymorphic in 24 and 1 patients, respectively; t including the 
only patient who presented with a sustained polymorphic ventricular tachycardia; 
t cycle length ranging from 200 to 440 ms (mean 340 + 71 ms); $ cycle length ranging 
from 210 to 280 ms (mean 249 + 20 ms); * cycle length ranging from 130 to 160 ms 
(mean 152 + 13 ms). 

MVT = monomorphic ventricular tachycardia; NSUVT = nonsustained ventricular 
tachycardia; PVT = polymorphic ventricular tachycardia; other abbreviations as in 
Table |. 






shorter S;S> intervals by 10-ms decrements to the point 
of ventricular refractoriness. Step 4 was double ventric- 
ular extrastimulation (S2,S3) during paced rhythm 
(S,S;). This step was preceded by a new determination 
of ventricular refractoriness (as in step 2) but after be- 
ginning at an SS, interval that was 20 ms longer than 
the ventricular refractory period found in step 2. S? was 
then set at an SS; interval longer by 10 ms than the 
one that resulted in ventricular refractoriness. S3 was 
applied at progressively shorter S25; intervals by 10-ms 
decrements, to the point of ventricular refractoriness, 
beginning at an SS; interval that was 50 ms longer 
than the S,S> interval. 

If a sustained VT was not induced during this trial, 
S; was moved 10 ms above the point of ventricular re- 
fractoriness and extrastimulation was repeated 10 times 
at the same shortest coupling intervals S;S2/S2S3 that 
resulted in ventricular capture but failed to induce sus- 
tained VT at the initial trial. Step 4 was first performed 
at a basic cycle length of 600 ms and repeated at cycle 
lengths of 500 and 400 ms. 

Step 5 was short bursts of ventricular pacing lasting 
3 to 5 seconds at cycle lengths of 300, 265 and 240 ms, 
each burst being repeated 5 times. In most instances, 
the intertrain interval during extrastimulation was set at 
2 seconds; in some patients with inducible nonsustained 
VT, the basic pacing train was discontinued and re- 
newed only after termination of the arrhythmia. 

This protocol was first performed from the right ven- 
tricular apex. If a sustained VT was not induced, the 
protocol was repeated from the right ventricular outflow 
tract. The protocol was strictly adhered to, and particu- 
lar care was given to deliver the extrastimulus coupling 
intervals only once, except during the repeated trials of 
step 4. Stimuli were 2-ms rectangular pulses delivered 
at a stimulation current of 3 mA using a programmed 
stimulator (Medtronic model 5325). The stimulation 
thresholds were 0.5 + 0.2 mA (range 0.3 to 1.0) and 0.6 
+ 0.3 mA (range 0.3 to 1.5) during stimulation from 
the right ventricular apex and right ventricular outflow 
tract, respectively. 

Definitions: Sustained VT was VT that lasted 230 
seconds or required termination before that time be- 
cause of hemodynamic compromise. VF was irregular, 





very rapid ventricular rhythm documented during resus- 
citation at the time of spontaneously occurring cardiac 
arrest. Nonsustained VT was VT of >6 complexes that 
terminated spontaneously in <30 seconds. No induced 
VT was induction of <5 repetitive ventricular responses. 
High-grade ventricular arrhythmias were spontaneously 
occurring ventricular arrhythmias that included 2 of the 
following: >30 single ventricular premature complexes / 
hour, multiform ventricular premature complexes or 
succession of 2 to 5 consecutive ventricular complexes at 
a rate 2100 beats/min. Monomorphic VT was VT 
manifesting a uniform QRS morphology. Polymorphic 
VT was VT manifesting a continuously varying QRS 
morphology. Induction of VT at immediate trial was 
induction of VT at the first time 1 or 2 extrastimuli 
were delivered at a given coupling interval. Induction of 
VT at repeated trial was induction of VT at repeated 
double extrastimulation at the shortest coupling inter- 
vals that failed to induce VT at immediate trial. 

Statistical analysis: Data are presented as mean + 
standard deviation. Univariate comparisons were made 
by unpaired ¢ test or chi-square test when appropriate. 
A p value <0.05 was considered Statistically significant. 
Meta analysis was performed to mean the results of pre- 
vious studies. 


C o ^ 
O O O 
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Inducibility Rate (%) 


332 RSS $$, $$$, RVP RS, 
Repeated 
k RV A ——————À4 I RVOT— ————À 


Mode 





RESULTS 

Patients with documented sustained ventricular 
tachyarrhythmias (group 1): OVERALL RESULTS OF PRO- 
GRAMMED VENTRICULAR STIMULATION: A sustained VT 
was induced in 23 of 25 (92%) patients with spontane- 
ous sustained VT and in 14 of 16 (88%) patients with 
VF (Table II). The morphology and cycle lengths of 
induced VT in each patient group are listed in Table II. 
Nonsustained VT was induced in 2 patients, 1 who pre- 
sented with VF and 1 who presented with recurrent sus- 
tained VT. No ventricular arrhythmias were induced in 
2 patients, 1 who presented with VF and 1 who present- 
ed with sustained VT. 

All 8 patients (100%) who were receiving amioda- 
rone and 29 of the 33 (8796) patients who were not re- 
ceiving any antiarrhythmic therapy at the time of study 
had a sustained ventricular tachyarrhythmia induced. 
The inducibility rate of sustained ventricular tachyar- 
rhythmia in these 2 groups of patients was not signifi- 
cantly different (p = 0.7). 

ANALYSIS OF MODE OF INDUCTION: The cumulative 
yield of inducible VT as a function of the mode of stim- 
ulation (regardless of the basic ventricular pacing cycle 
length used for inducing ventricular tachyarrhythmia 
during extrastimulation) is shown in Figure 1. Using 


P9 SUNT (n*25J 


o-—----oVF (n-l6) 


$$; RSS? SSS, SSS, RYP 


Rape ated 


of Induction 


sinus rhythm; RS,S; = double extrastimulation during sinus rhythm; RVA - right ventricular apex; RVOT — right ventricular. 
outflow tract; RVP = rapid ventricular pacing; S,S; = single extrastimulation during ventricular pacing; S1S2S5 = double 


extrastimulation during ventricular pacing. 


THE AMERICAN JOURNAL OF CARDIOLOGY MARCH 1,1990 617 














TABLE Il Clinical and Electrophysiologic Characteristics of 
the Group 1 Patients with Regard to the Mode of Induction of 
Sustained Ventricular Tachyarrhythmia 





Repeated Trial 
(n = 13) 


Immediate Trial 
(n = 22) 






p Value 


























Sex: M/F 21/1 12/1 NS 





Age (yrs) 58+ 11 47+ 16 <0.05 
Cardiac disease 

Present /absent 20/2 7/6 <0.05 
Prior MI 

Present / absent 16/6 6/7 NS 
LVEF (%) 32+ 14 44+17 <0.05 
Presenting arrhythmia 

SUVT /VF 18/4 5/8 <0.05 
Basic CL (ms) 552 + 77* 492 + 87 «0.05 
Pacing site 

RVA/RVO 20/2 11/2 NS 
Induced arrhythmia 

SMVT/SPVT 21/1 7/6 «0.05 








*nz19. 

CL = cycle length; NS = non significant; RVA = right ventricular apex; RVO = right 
ventricular outflow tract; SMVT = sustained monomorphic ventricular tachycardia; 
SPVT = sustained polymorphic ventricular tachycardia; other abbreviations as in 
Table l. 


our stepwise protocol, 18 of 25 (72%) patients who pre- 
sented with sustained VT but only 4 of 16 (25%) who 
presented with VF were inducible at immediate trials of 
single or double extrastimulation (p <0.01) (Figure 2). 
Repetition of double extrastimulation increased the 
yield of inducible sustained VT to 92% in patients with 
sustained VT (+20%, p = 0.14) and 75% in patients 
with VF (+50%, p = 0.013). Rapid right ventricular 
pacing added a 0 and 13% increment in the overall yield 
in patients with sustained VT and VF, respectively. 
ANALYSIS OF THE NUMBER OF TRIALS REQUIRED FOR IN- 
DUCING SUSTAINED VENTRICULAR TACHYARRHYTHMIAS: Of 
the 13 patients in whom sustained VT was induced at 
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FIGURE 2. inducibility rate of sustained ventricular tachyarrhythmias with respect to the mode of induction: immediate 


IMMED + REPETITION 












TABLE IV Comparison of Coupling Intervals that Resulted in 
Induction of Sustained Ventricular Tachyarrhythmia with 

Double Extrastimulation during Ventricular Pacing According 
to the Mode of Induction and the Spontaneous Arrhythmia 


S1S2 S283 





p Value p Value 











Mode of induction 







Immediate trial (13) 258 + 32 231 + 42 

Repeated trial (13) 221 + 2j «0005 1684 23) «0.0001 
Spontaneous arrhythmia 

SUVT (15) 251 +39 2124-51 

VF (11) 225 + 23 0.066 1934 33 0.12 









$1S2, S2S3 = coupling intervals of the first and second extrastimuli, respectively 
(ms); other abbreviations as in Table I. 


repeated trials of double extrastimulation, the induction 
was achieved at the second trial of stimulation in 1 pa- 
tient, the third trial in 2 patients, the fourth trial in 1 
patient, the sixth trial in 5 patients and the ninth and 
tenth trials in 2 patients each. The mean number of tri- 
als required for induction of sustained VT was not sig- 
nificantly different in patients who presented with sus- 
tained VT or VF (5.6 vs 6.5). 

CLINICAL AND ELECTROPHYSIOLOGIC CHARACTERISTICS 
WITH REGARD TO THE MODE OF INDUCTION (IMMEDIATE VER- 
SUS REPEATED): Patients who had their sustained VT in- 
duced at repeated trials of extrastimulation were youn- 
ger (mean 47 vs 58 years) and had a higher ejection 
fraction (mean 44 vs 32%) than patients who had their 
arrhythmias induced at immediate trials (p <0.05) (Ta- 
ble III). Patients without organic heart disease had their 
arrhythmias induced more frequently at repeated trials 
than patients with organic heart disease (6 of 8 vs 7 of 
27, p <0.05). Finally, patients who presented with VF 
were more frequently inducible at repeated trials of ex- 
trastimulation than patients who presented with sus- 
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NN 
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(IMMED) extrastimulation only, immediate plus repeated extrastimulation alone or combined to rapid ventricular pacing (RVP). 
Note that the overall inducibility rate is similar in patients who presented with sustained ventricular tachycardia (SUVT) and in 


those who 


with ventricular fibrillation (VF) (92 vs 88%). Also note that before repetition (REP) the yield was much 


presented 
higher in the SUVT group (72%) than in the VF group (25%) (p <0.01). 
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tained VT (8 of 12 vs 5 of 18, p <0.05). In contrast, 
neither gender nor the presence of prior myocardial in- 
farction differed significantly between the 2 groups of 
patients. 

The mean basic cycle length at which the arrhyth- 
mias were induced at repeated trials of extrastimulation 
was shorter than the one at which the arrhythmias were 
induced at immediate trials (mean 492 vs 552 ms, p 
<0.05). The morphology of the induced arrhythmia was 
different with regard to the mode of induction (Figure 
3): most monomorphic VTs (21 of 28) were induced at 
immediate trials while most polymorphic VTs (6 of 7) 
were induced at repeated trials (p <0.05). In the sus- 
tained VT group, 17 of the 21 induced monomorphic 
VTs and 1 of the 2 induced polymorphic VTs were ob- 
tained at immediate trials. The latter patient had spon- 
taneous sustained polymorphic VT. In the VF group, 3 
of the 7 induced monomorphic VTs and all 5 induced 
polymorphic VTs were obtained at repeated trials. 

COUPLING INTERVALS: For each extrastimulus, the 
mean coupling interval associated with induction of sus- 
tained VT with double extrastimulation at the repeated 
trial was significantly shorter than the mean interval as- 
sociated with induction of arrhythmia at the immediate 
trial (Table IV). The mean coupling intervals in pa- 
tients presenting with VF were shorter than those in pa- 
tients presenting with sustained VT, but these differ- 
ences were not statistically significant. 

Patients without documented or suspected sus- 
tained ventricular tachyarrhythmias (group 2): Sus- 
tained VT was induced in 2 of the 30 (7%) group 2 
patients. Nonsustained VT (7 to 14 complexes) was in- 
duced in 3 patients. No arrhythmias were induced in 
the remaining 25 patients on completion of the entire 
stimulation protocol (Table II). All induced tachyar- 


CC] IMMEDIATE 


Un 
Es 
Z, 
fx] 
— 
> 
< 
d. 
fx, 
© 

o 
e 


MVT PVT 


SUVT (n=23) 





rhythmias were polymorphic, and had a cycle length 
ranging from 150 to 190 ms. Induction of sustained VT 
was achieved at an immediate and repeated trial of dou- 
ble extrastimulation in 1 patient each. 


DISCUSSION 

Sensitivity of the stimulation protocol (group 1 pa- 
tients): OVERALL SENSITIVITY: Previous studies that used 
stimulation protocols similar to that of the present 
study, but in which extrastimuli were delivered only 
once for each stimulus prematurity, have resulted in in- 
duction of sustained VT in 32 to 81% (mean 64%) of 
patients presenting with sustained VT,?10-15 26 to 48% 
(mean 33%) of patients presenting with VF3-1216 and 40 
to 62% (mean 49%) of patients presenting with either 
sustained VT or VF.'-? The results of the present 
study demonstrate that in our patient population pro- 
grammed ventricular stimulation with the protocol just 
described induced sustained VT in 23 of 25 (92%) pa- 
tients who presented with sustained VT and in 14 of 16 
(88%) patients who presented with VF (overall sensitiv- 
ity 90%). Thus, the incidence rate of VT induction in 
our study appears particularly high, especially in those 
patients presenting with VF, and is similar to that ob- 
tained in studies using 73 extrastimuli, 3:!1.13.15,16,18 

The clinical characteristics of our patients are simi- 
lar to those reported in large series of patients with VT/ 
VF in which lower rates of induction of sustained VT 
were obtained with standard protocols using up to 2 ex- 
trastimuli.?0-!? Thus, differences in patient character- 
istics are unlikely to explain the differences in inducibil- 
ity rates of sustained VT in our study and in these previ- 
ous reports. However, the stimulus current used in our 
study (3 mA) could have bearing on the results. It rep- 
resented a 5- to 6-fold increase over the mean stimula- 
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FIGURE 3. Numbers of group 1 patients in which a sustained ventricular tachyarrhythmia was induced during the various 


phases of the protocol (either immediate extrastimulation, repeated extrastimulation or rapid ventricular pacing) with respect to 
the morphology of the induced arrhythmia (monomorphic vs polymorphic ventricular tachycardia). Abbreviations as in Figure 2. 
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tion threshold of the studied patients but could repre- 
sent up to a 10-fold increase in some patients. In con- 
trast, most laboratories use a stimulation current at 
twice diastolic threshold.?0.2.13.15-1? Since increasing 
stimulation threshold produces a higher incidence of in- 
ducible arrhythmias,!92? it is possible that the stimulus 
current used in our study played a role in the high in- 
ducibility rate observed. However, it is unlikely that it 
was high enough to produce artifactual arrhythmias 
that are rarely observed using stimulus currents of <5 
mA 420 

THE ROLE OF REPEATED EXTRASTIMULATION ON INDUC- 
BILITY: Because the repetition phase of the protocol was 
not performed after completion of the standard proto- 
col, no definite conclusion can be drawn regarding the 
true role of repeated extrastimulation on the yield of 
inducible sustained VT. However, 3 findings suggest 
that repetition of extrastimulation played an important 
role in the high sensitivity of our protocol. First, the 
yields of inducible sustained VT increased with repeated 
extrastimulation by 20 and 50% in patients who pre- 
sented with sustained VT and VF, respectively. In addi- 
tion, the high inducibility rate observed in patients with 
VF was the result of repeated extrastimulation in two- 
thirds of those patients inducible with extrastimulation. 

Second, the overall inducibility rate in patients with 
VF (88%) was very close to that observed in patients 
who presented with sustained VT (9290). This result 
markedly contrasts with that observed using protocols 
of stimulation that do not use repetition, where the in- 
duction rate of sustained VT in patients presenting with 
VF is about half that achieved in patients presenting 
with sustained VT (35 vs 6090).?:?.!^ Interestingly, the 
inducibility rates of sustained VT with extrastimulation 
but without repetition were 72 and 2596 in our patients 
with sustained VT and VF, respectively (i.e., close to 
those observed in studies where repetition was not per- 
formed).?.1?.14 

Third, further support of the beneficial role of repe- 
tition of extrastimulation on VT induction can be indi- 
rectly drawn from the comparison of our stimulation 
protocol and the more widely used ones. In our protocol, 
double extrastimulation is performed while the SS» in- 
terval is set constant at 10 ms beyond the refractory 
period, and S; is applied at progressively shorter S283 
intervals by 10-ms decrements, beginning at an S2S3 in- 
terval that is 50 ms longer than the S,S; interval. In 
most of the reported protocols,?:10.11.13-15.7-1? however, 
the S|S> interval is anywhere from 20 to 100 ms beyond 
the refractory period and multiple coupling intervals are 
tested where both S,S> and S S; intervals are varying. 
The result of this difference is that the entire initial trial 
of stimulation in our protocol is significantly shorter, 
and thus includes many fewer attempts at the induction 
of VT before moving on to repetition of the shortest 
coupling intervals. Conceivably this should have re- 
sulted in an induction rate of VT even lower than that 
observed in standard protocols had repetition not been 
performed. However, the fact that a high inducibility 
rate of VT was achieved with our protocol, and the 
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demonstration that this high inducibility rate was large- 
ly due to repetition, supports the beneficial role of repe- 
tition on VT induction. 

CLINICAL AND ELECTROPHYSIOLOGIC CHARACTERISTICS 
WITH REGARD TO THE MODE OF INDUCTION (IMMEDIATE VER- 
SUS REPEATED): Although the presence of organic heart 
disease and the nature of the presenting arrhythmia ap- 
peared to play a role in determining the increased yield 
of inducibility with repeated extrastimulation, we can- 
not exclude that these findings were simply statistical 
associations rather than necessarily causal. It is note- 
worthy, however, that a recent preliminary report has 
shown that the coupling intervals needed to induce VT 
are much shorter in patients presenting with VF than in 
patients presenting with sustained VT! We observed a 
similar trend. Thus, it is possible that repetition of ex- 
trastimulation at the shortest coupling intervals in- 
creases the likelihood for inducing VT in patients pre- 
senting with VF while immediate trials of extrastimula- 
tion at longer coupling intervals are sufficient for 
inducing arrhythmias in most patients presenting with 
VT. 

While induction of sustained monomorphic VT dur- 
ing programmed ventricular stimulation is generally re- 
garded as a specific response in patients with document- 
ed sustained VT or VF, the clinical significance of the 
induction of sustained polymorphic VT in such patients 
is debated. The fact that induction of sustained poly- 
morphic VT was obtained at repeated trials of extra- 
stimulation in 6 of 7 patients (including 5 patients with 
spontaneous VF and 1 with sustained VT) raises further 
questions about the clinical significance of these ar- 
rhythmias. It is noteworthy, however, that in the VF 
group, the incidence rate of inducible sustained poly- 
morphic VT (5 of 12 patients inducible during extra- 
stimulation) is similar to that observed in this patient 
population by other investigators who did not include 
repetition of extrastimuli in their protocol.*?*7> More- 
over, induction of VT was achieved by repeated extra- 
stimulation in 4 of the 21 patients of the sustained VT 
group who had both spontaneous and inducible mono- 
morphic VT. Therefore, on the basis of these observa- 
tions, we believe that repetition of extrastimulation by 
itself was unlikely to have played a significant role in 
the induction of artifactual arrhythmias. 

COMPARISON WITH PREVIOUS STUDIES: To our knowl- 
edge, there has been only 1, recently reported, study on 
the effects of repetition of extrastimuli on sensitivity of 
VT induction.24 Cooper et al2^ performed programmed 
ventricular stimulation on 3 separate days in 24 patients 
with a prior myocardial infarction and documented sus- 
tained VT or VF. Using a stimulation protocol and defi- 
nition of sustained VT different to those used in the 
present study, they found a 100% inducibility rate of 
sustained VT, observed during repetition trials in a sub- 
stantial number of instances. 

Specificity of the stimulation protocol (group 2 pa- 
tients): Of the 30 patients who had no demonstrable 
heart disease and no previously documented or suspect- 
ed sustained VT before study, 2 (7%) had sustained 





polymorphic VT induced with double extrastimulation 
(at immediate and repeated trial in 1 instance each). 
This good specificity of our protocol is similar to that 
reported in previous studies using a protocol of stimula- 
tion similar to ours, except for repetition.?6-9 

Mechanisms of inducibility during repeated extra- 
stimulation: The present study did not directly address 
the mechanism underlying the induction of sustained 
VT during repeated trials of extrastimulation. Possible 
explanations include: (1) slight changes in position of 
the pacing electrode during extrastimulation that are re- 
sponsible for changes at the electrode catheter endocar- 
dial surface; (2) local electrophysiologic changes in con- 
duction velocity or ventricular refractoriness such as 
those resulting from the patient's autonomic tone, or 
those resulting from autonomic, metabolic or ischemic 
changes related to programmed ventricular stimula- 
tion” (this hypothesis is, however, not supported by the 
fact that group 1 patients without organic heart disease 
were more prone to have inducible arrhythmias at re- 
peated extrastimulation than patients with organic 
[mainly coronary] heart disease); (3) oscillations in ven- 
tricular refractoriness during ventricular stimulation?$; 
and (4) a random observation. 

Study limitations: The first limitation could be that 
electrophysiologic studies were performed while 8 of the 
group 1 patients were receiving amiodarone and there- 
fore we cannot exclude a possible facilitating effect of 
amiodarone on VT induction in some patients. A sec- 
ond limitation is that the endpoint of the stimulation 
protocol was the induction of a single episode of sus- 
tained VT regardless of its configuration compared to 
the clinically documented VT, especially in patients who 
presented with sustained VT. Therefore, it is unknown 
whether our stimulation protocol affected the nature of 
the induced arrhythmia (clinical vs nonclinical). An ad- 
ditional limitation is that we did not study reproducibili- 
ty of VT induction. | 

Clinical implications: The results of this prospective 
study demonstrate that a standard protocol of ventricu- 
lar stimulation (stimulus intensity of 3 mA) using up to 
2 extrastimuli, which includes 10 repetitions of double 
extrastimulation at the shortest coupling intervals that 
allow ventricular capture, has a high sensitivity and 
specificity for sustained VT induction. Repeated extra- 
stimulation probably plays an important role in the high 
sensitivity for VT induction of this protocol, especially 
in patients who present with VF. On the basis of these 
results, we recommend routine inclusion of repeated 
double extrastimulation at the shortest coupling inter- 
vals for each basic cycle length before evaluating VT 
induction at a shorter cycle length. Addition of repeated 
extrastimulation to standard stimulation protocols re- 
sults in an acceptable lengthening of the electrophysio- 
logic study (by approximately 6 minutes if the entire 
protocol has to be completed). The high sensitivity 
achieved by our protocol may obviate the need for more 
aggressive protocols of stimulation in most instances. 
Patients who present with cardiac arrest, unexplained 
syncope or high-grade ventricular arrhythmias are ex- 


pected to derive the greatest benefit from this protocol. 
In these patients induction of ventricular tachyarrhyth- 
mias (especially sustained polymorphic VT) using up to 
2 extrastimuli might have more clinical significance 
than using more aggressive protocols of stimulation. 
Validation of our results by other investigators and 
comparison of sensitivity and specificity of our protocol 
with those of more conventional ones (i.e., triple extra- 
stimulation without repetition) are required, however, 
before our protocol can be accepted without reservation. 
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 OPTIRAY* 160 240 320 | disturbances which may be associated with a transitory increase in — occur during injection or 5 to 10 minutes later; the main feature being car- 





 (loversol Injection) 


DESCRIPTION: Each milliliter of OPTIRAY 160 (ioversol injection 
34%) provides 339 mg of ioversol with 3.6 mg of tromethamine as a buffer 
and 0.2 mg of edetate calcium disodium as a stabilizer. OPTIRAY 160 pro- 
vides 16% (160 mg/mL) organically bound iodine. 

Each milliliter of OPTIRAY 240 (ioversol injection 51%) provides 509 mg 
of ioversol with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
Calcium disodium as a stabilizer. OPTIRAY 240 provides 24% (240 mg/mL) 
organically bound iodine. 

Each milliliter of OPTIRAY 320 (ioversol injection 68%) provides 678 mg 
of ioversol with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
calcium disodium as a stabilizer. OPTIRAY 320 provides 32% (320 mg/mL) 
Organically bound iodine. 


CONTRAINDICATIONS: None. 


WARNINGS: Nonionic iodinated contrast media inhibit blood 
Coagulation, in vitro, less than ionic contrast media. Clotting has been re- 
ported when blood remains in contact with syringes containing nonionic 
contrast media. 

Serious, rarely fatal, thromboembolic events Causing myocardial infarc- 
tion and stroke have been reported during angiographic procedures with 
both ionic and nonionic contrast media. Therefore, meticulous intra- 
vascular administration technique is necessary, particularly during angio- 
gue procedures, to minimize thromboembolic events. Numerous 

tors, including length of procedure, catheter and syringe material, un- 
derlying disease state and concomitant medications may contribute to the 
development of thromboembolic events. For these reasons, meticulous 
angiographic techniques are recommended including close attention to 
guidewire and catheter manipulation, use of manifold systems and/or 
three-way stopcocks, frequent catheter flushing with heparinized saline 
solutions and minimizing the length of the procedure. The use of plastic 
syringes in place of glass syringes has been reported to decrease but not 
eliminate the likelihood of in vitro clotting. 

Serious or fatal reactions have been associated with the administration of 
iodine-containing radiopaque media. It is of utmost importance to be com- 
pletely prepared to treat any contrast medium reaction. 

As with any contrast medium, serious neurologic sequelae, including 
permanent paralysis, can occur following cerebral arteriography, selective 
‘Spinal arteriography and arteriography of vessels supplying the spinal cord. 
A cause-effect relationship to the contrast medium has not been established 
since the patients’ pre-existing condition and procedural technique are 
Causative factors in themselves. The arterial injection of a contrast medium 
should never be made following the administration of vasopressors since 
they strongly potentiate neurologic effects. 

Caution must be exercised in patients with severely impaired renal 
function, combined renal and hepatic disease, severe thyrotoxicosis, 
myelomatosis, or anuria, particularly when large doses are administered. 

Intravascularly administered iodine-containing radiopaque media are 
potentially hazardous in patients with multiple myeloma or other 
paraproteinemia, particularly in those with therapeutically resistant anuria. 
Myeloma occurs most commonly in persons over age 40. Although neither 
the contrast agent nor dehydration has been proved separately to be the 
Cause of anuria in myelomatous patients, it has been speculated that the 
combination of both may be causative. The risk in myelomatous patients is 
not a contraindication to the procedure; however, special precautions, 
including maintenance of normal hydration and close monitoring, are 
required. Partial dehydration in the preparation of these patients prior 
to injection is not recommended since this may predispose the patient to 
precipitation of the myeloma protein. 

Administration of radiopaque materials to patients known or suspected 
of having pheochromocytoma should be performed with extreme caution. 
If, in the opinion of the physician, the possible benefits of such procedures 
outweigh the considered risks, the procedures may be performed: 
however, the amount of radiopaque medium injected should be kept to an 
absolute minimum. The blood pressure should be assessed throughout the 
procedure, and measures for treatment of a hypertensive crisis should 
be available. 

Contrast media may promote sickling in individuals who are homozygous 
for sickle cell disease when administered intravascularly. 

Reports of thyroid storm following the intravascular use of iodinated 
radiopaque agents in patients with hyperthyroidism or with an auton- 
omously functioning thyroid nodule, suggest that this additional risk be 
evaluated in such patients before use of any contrast medium. 


PRECAUTIONS: General: Diagnostic procedures which involve the 


the circulating osmotic load. 

Selective coronary arteriography should be performed only in selected 
patients and those in whom the expected benefits outweigh the procedural 
risk. The inherent risks of angiocardiography in patients with chronic pul- 
monary emphysema must be weighed against the necessity for performing 
this procedure. 

Extreme caution during injection of a contrast medium is necessary to 
avoid extravasation. This is especially important in patients with severe 
arterial or venous disease. 

Drug Interactions: Renal toxicity has been reported in a few patients with 
liver dysfunction who were given oral cholecystographic agents followed by 
intravascular contrast agents. Administration of any intravascular contrast 
agent should therefore be postponed in patients who have recently received 
a cholecystographic contrast agent. 

Other drugs should not be mixed with ioversol injection. 

Drug Laboratory Test Interactions: The results of PBI and radioactive 
iodine uptake studies, which depend on iodine estimation, will not accu- 
rately reflect thyroid function for up to 16 days following administration of 
iodinated contrast media. However, thyroid function tests not depending on 
iodine estimations, e.g., T3 resin uptake and total or free thyroxine (T4) 
assays are not affected. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No long term 
animal studies have been performed to evaluate carcinogenic potential. 
However, animal studies suggest that this drug is not mutagenic and does 
not affect fertility. 

Pregnancy Category B: No teratogenic effects attributable to ioversol 
have been observed in teratology studies performed in animals. There are. 
however, no adequate and well controlled studies in pregnant women. It is 
not known whether ioversol crosses the placental barrier or reaches fetal 
tissues. However, many injectable contrast agents cross the placental bar- 
rier in humans and appear to enter fetal tissue passively. Because animal 
teratology studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. X-ray procedures 
involve a certain risk related to the exposure of the fetus. 

Nursing Mothers: It is not known whether ioversol is excreted in human 
milk. However, many injectable contrast agents are excreted unchanged in 
human milk. Although it has not been established that serious adverse reac- 
tions occur in nursing infants, caution should be exercised when 
intravascular contrast media are administered to nursing women because 
of potential adverse reactions, and consideration should be given to tempo- 
rarily discontinuing nursing. 

Pediatric Use: Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS: Adverse reactions following the use 
of OPTIRAY formulations are usually mild to moderate, of short duration 
and resolve spontaneously (without treatment). However, serious. 
life-threatening and fatal reactions, mostly of cardiovascular origin, have 
been associated with the administration of iodine-containing contrast 
media. 

Injections of contrast media are often associated with sensations of 
warmth and pain. In controlled double-blind clinical studies, significantly 
less warmth and pain were associated with the injection of OPTIRAY than 
with iothalamate meglumine, diatrizoate meglumine, and diatrizoate meg- 
lumine and diatrizoate sodium. 

When OPTIRAY 320 is used for coronary arteriography and ventriculog- 
raphy in double-blind clinical trials, electrocardiographic and hemodynamic 
changes occur with less frequency and severity with ioversol injection than 
with diatrizoate meglumine and diatrizoate sodium. 

Following coronary artery and left ventricular injection, electrocardio- 
graphic parameters were affected less with OPTIRAY (ioversol injection) 
than with diatrizoate meglumine and diatrizoate sodium injection. These 
parameters included the following: bradycardia, tachycardia, T-wave 
amplitude, ST depression and ST elevation. 

OPTIRAY has also been shown to cause fewer changes in cardiac func- 
tion and systemic blood pressure than conventional ionic media. These 
include cardiac output, left ventricular systolic and end-diastolic pressure, 
right ventricular systolic and pulmonary artery systolic pressures and 
decreases in systolic and diastolic blood pressures. 

The following table of incidence of reactions is based upon clinical trials 
with OPTIRAY formulations in over 1100 patients. This listing includes all 
adverse reactions which were coincidental to the administration of ioversol 
regardless of their direct attributability to the drug or the procedure. 
Adverse reactions are listed by organ system and in decreasing order of 
occurrence. Significantly more severe reactions are listed before others ina 
system regardless of frequency. 


Adverse Reactions 








diac arrest with cardiovascular disease as the main aggravating factor. Iso- 
lated reports of hypotensive collapse and shock are found in the literature. 
Based upon clinical literature, reported deaths from the administration of 
conventional iodinated contrast agents range from 6.6 per 1 million 
(0.00066 percent) to 1 in 10,000 patients (0.01 percent). 

The reported incidence of adverse reactions to contrast media in patients 
with a history of allergy is twice that of the general population. Patients with 
a history of previous reactions to a contrast medium are three times more 
Susceptible than other patients. However, sensitivity to contrast media does 
not appear to increase with repeated examinations. 

Adverse reactions to injectable contrast media fall into two categories: 
chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physicochemical properties of the 
contrast medium, the dose and the speed of injection. All hemodynamic 
disturbances and injuries to organs or vessels perfused by the contrast 
medium are included in this category. 

Idiosyncratic reactions include all other reactions. They occur more fre- 
quently in patients 20 to 40 years old. Idiosyncratic reactions may or may 
not be dependent on the dose injected, the speed of injection, the mode of 
injection and the radiographic procedure. Idiosyncratic reactions are sub- 
divided into minor, intermediate and severe. The minor reactions afe 
self-limited and of short duration: the severe reactions are life-threatening 
and treatment is urgent and mandatory. 

In addition to the adverse reactions reported for ioversol. the follow- 
ing additional adverse reactions have been reported with the use of other 
contrast agents and are possible with any water soluble, iodinated con- 
trast agent. 

Nervous: muscular spasm, convulsions, aphasia, syncope, paralysis, 
visual field losses which are usually transient but may be permanent, coma 
and death. 

Cardiovascular: angioneurotic edema, peripheral edema, vasodilation, 
thrombosis and rarely thrombophlebitis. disseminated intravascular 
coagulation and shock. 

Skin: maculopapular rash, erythema, conjunctival symptoms, ecchymo- 
Sis and tissue necrosis. 

Respiratory: choking, dyspnea, wheezing which may be an initial man- 
ifestation of more severe and infrequent reactions including asthmatic 
attack, laryngospasm and bronchospasm. pulmonary edema, apnea 
and cyanosis. Rarely these allergic-type reactions can progress into 
anaphylaxis with loss of consciousness, coma, severe cardiovascular 
disturbances and death. 

Miscellaneous: hyperthermia, temporary anuria or other nephropathy. 

Other reactions may also occur with the use of any contrast agent as a 
consequence of the procedural hazard; these include hemorrhage or 
pseudoaneurysms at the puncture site, brachial plexus palsy following axil- 
lary artery injections, chest pain, myocardial infarction, and transient 
changes in hepatorenal chemistry tests. Arterial thrombosis, displacement 
of arterial plaques. venous thrombosis. dissection of the coronary vessels 
and transient sinus arrest are rare complications. 

In cerebral arteriography, cardiovascular reactions that may occur with 
some frequency are bradycardia and either an increase or decrease in 
systemic blood pressure. Neurological reactions that may occur are: 
seizures, drowsiness, transient paresis, and mild disturbances in vision. 

Central nervous system reactions with OPTIRAY in controlled clinical 
Studies in cerebral arteriography that occurred with frequencies greater 
than 1% were: vertigo (4%) and blurred vision (3%). 

In aortography, depending on the technique employed, the risks of this 
procedure also include the following: injury to the aorta and neighboring 
organs, pleural puncture, renal damage including infarction and acute tubu- 
lar necrosis with oliguria and anuria, retroperitoneal hemorrhage from the 
translumbar approach and spinal cord injury and pathology associated with 
the syndrome of transverse myelitis. Under conditions of slowed aortic 
circulation there is an increased likelihood for aortography to cause muscle 
spasm. Occasional serious neurologic complications, including paraplegia, 
have also been reported in patients with aortoiliac obstruction, femoral 
artery obstruction, abdominal compression, hypotension, hypertension, 
Spinal anesthesia, and injection of vasopressors to increase contrast. In 
these patients the concentration, volume, and number of repeat injections 
of the medium should be maintained at a minimum with appropriate 
intervals between injections. The position of the patient and catheter tip 
should be carefully monitored. 

Entry of a large aortic dose into the renal artery may cause, even in 
the absence of symptoms. albuminuria, hematuria, and an elevated creat- 
we and urea nitrogen. Rapid and complete return of function usually 
ollows. 

Cardiovascular system reactions with OPTIRAY in controlled clinical 
Studies in coronary arteriography with left ventriculography that occurred 
with frequencies greater than 1% were: angina (1.2%) and nausea (1.2%). 


use of iodinated intravascular contrast agents should be carried out under System > 1% < 1% 
the direction of personnel skilled and experienced in the particular pro- = PRECAUTIONS FOR SPECIFIC PROCEDURES: 
era to -: performed. shal equipped emergency cart, or viet Cardiovascular none angina pectoris Cerebral Arteriography 
supplies and equipment, and personnel competent in recognizing and treat- ypotension y'ap i , | 
ing adverse reactions of all types should always be available. Since severe vascular spasm te caution is — in patients with advanced arteriosclerosis, 
delayed reactions have been known to occur, emergency facilities and com- bradycardia se ypartengion, car a decompensation, senility, recent cerebral 
petent personnel should be available for at least 30 to 60 minutes after conduction defect rombosis or embolism. and migraine. 
administration. false aneurysm Peripheral Arteriography 
Preparatory dehydration is dangerous and may contribute to acute renal hypertension ; Pulsation should be present in the artery to be injected. In thromboan- 
failure in patients with advanced vascular disease, diabetic patients, and in transient arrhythmia giitis obliterans, or ascending infection associated with severe ischemia 
Susceptible non-diabetic patients (often elderly with pre-existing renal vascular trauma angiography should be performed with extreme caution. if at all 
disease). Patients should be well hydrated prior to and following the — Digestive none nausea 1 
administration of OPTIRAY. vomiting pic c Pd edil vd PR URUOG NY v Lis 
The possibility of a reaction, including serious, life-threatening, fatal, andalory prerequisites to the procedure are specialized personnel, El 
anaphylactoid or cardiovascular reactions, should always be consid. — e us "NR Weleda monitoring apparatus and adequate facilities for immediate resuscitation 
ered (See ADVERSE REACTIONS). Increased risk is associated with a his- blurred vision and cardioversion. Electrocardiograms and vital signs should be routinely 
tory of previous reaction to a contrast medium, a known sensitivity to iodine vertigo monitored throughout the procedure. 
e known allergies (i.e., bronchial asthma, hay fever and food allergies) or lightheadedness Venography 
ypersensitivities. vasovagal reaction j i i i ; : 
The occurrence of severe idiosyncratic reactions has prompted the use of disorientation M acd dd raus ned ENTIS e Se omen p oorr 
several pretesting methods. However, pretesting cannot be relied upon to dysphasia or a totally obstructed venous system. In order to minimize extravasation 
predict severe reactions and may itself be hazardous to the patient. It is paresthesia — — during injection. fluoroscopy is recommended 
Suggested that a thorough medical history with emphasis on allergy and Hn UM jpeg ia i : 
hypersensitivity, prior to the injection of any contrast medium, may be more espiratory none aryngeal edema ^ fe 
accurate than pretesting in predicting potential adverse reactions. A posi- nasal congestion OVERDOSAGE: Vn oe effects y vp B D Mie 
live history of allergies or hypersensitivity does not arbitrarily contrain- sneezing 1 g r ainly the pulmonary and cardiovascular system. 
dicate the use of a contrast agent when a diagnostic procedure is thought coughing NN 9 Pe Ip o sab er ected d ie Support of all vital 
essential, but caution should be exercised. Premedication with antihis- hypoxia " eed AE RES D d rs ot inum TOME d Tene 
eve or vir iii to avoid or amas possible allergic reactions Skin none periorbital edema dialyzable : 
in such patients should be considered. Reports indicate that such pretreat- urticaria n. , 
ment does not prevent serious life-threatening reactions, but may reduce facial edema uU eae VEU abr a In atia V 
both their incidence and severity. ; ruen : « i 
General anesthesia may be indicated in the performance of some proce- pruritu " ; 
Jures in selected patients; however, a higher incidence of adverse reactions ^ Miscellaneous none extravasation DOSAGE AM P ADMINISTRATION Delis op posas 
vas been reported in these patients, and may be attributable to the inability shaking chills BEFORE USE A 
of the patient to identify untoward symptoms or to the hypotensive effect bad taste 
»f anesthesia which can prolong the circulation time and increase the dura- general pain 


ion of exposure to the contrast agent. 

In angiographic procedures, the possibility of dislodging plaques or 
Jamaging or perforating the vessel wall should be considered during cathe- 
er manipulations and contrast medium injection. Test injections to insure 
yoper catheter placement are suggested. 

Angiography should be avoided whenever possible in patients with 
lomocystinuria because of the risk of inducing thrombosis and embolism. 

Patients with congestive heart failure should be observed for sev- 
iral hours following the procedure to detect delayed hemodynamic 


Regardless of the contrast medium employed, the overall incidence of 
Serious adverse reaction is higher with coronary arteriography than with 
other procedures. Cardiac decompensation, serious arrhythmias, myocar- 
dial ischemia or myocardial infarction may occur during coronary 
arteriography and left ventriculography. 

General Adverse Reactions to Contrast Media 

The following adverse reactions are possible with any parenterally admin- 
istered iodinated contrast medium. Severe life-threatening reactions and 
fatalities, mostly of cardiovascular origin. have occurred. Most deaths 
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Effects of Upright Posture on Atrioventricular 
Accessory Pathway Conduction 


Michael J. Reiter, MD, PhD, and David E. Mann, MD 


The electrophysiologic effects of 45° head-up tilt 


were studied in 19 patients with atrioventricular 
accessory pathways. Upright posture enhanced 
both anterograde and retrograde accessory path- 
way conduction when compared to the supine posi- 
tion: the anterograde block cycle length decreased 
from 374 + 52 ms (mean + standard error) (su- 
pine) to 303 + 33 ms (tilt) (p <0.05); anterograde 
effective refractory period decreased from 286 + 
17 to 249 + 10 ms (p <0.05); retrograde block cy- 
cle length shortened from 331 + 36 to 291 + 35 
ms (p <0.05); retrograde effective refractory peri- 
od decreased from 312 + 26 ms to 274 + 15 ms (p 
<0.05). During induced atrial fibrillation the mean 
RR interval and the shortest RR interval between 
preexcited beats decreased approximately 10% 
with head-up tilt. During orthodromic reciprocating 
tachycardia, tachycardia cycle length shortened 
15%. Tachycardia rate during electrophysiologic 
study in the head-up position more closely approxi- 
mated the rate of clinical tachycardia than did the 
rate in the supine position. Head-up tilt significantly 
enhances anterograde and retrograde accessory 
pathway conduction, increases the rate of arrhyth- 
mias using an accessory pathway and may be clini- 
cally useful in the assessment of patients with an 
accessory pathway. 

(Am J Cardiol 1990;65:623-627) 
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in patients with an atrioventricular (AV) accessory 

pathway to establish the presence of an accessory 
pathway, confirm its participation in a clinical tachycar- 
dia, assess the risk of potential arrhythmias and guide 
therapy.! It is well appreciated that the characteristics 
of accessory pathway conduction are influenced by age,” 
exercise, 6 catecholamines”? and autonomic tone.26 
Nevertheless, electrophysiologic evaluation is usually 
performed in the supine, resting state. Such testing 
might underestimate the risk of a clinical arrhythmia* 
or may erroneously identify an antiarrhythmic agent as 
effective. 

Upright posture enhances anterograde and retro- 
grade AV nodal conduction!0-!? and facilitates supra- 
ventricular tachycardia of various mechanisms.10.1?-15 
The electrophysiologic effects of upright posture on the 
atrioventricular accessory pathway have not been previ- 
ously evaluated. In this study we examined the effect of 
45? head-up tilt on accessory pathway conduction and 
refractoriness and on induced arrhythmias using the ac- 
cessory pathway. 


[sss electrophysiologic studies may be indicated 


METHODS 

Patient population: Patients undergoing electrophys- 
iologic testing for routine indications who were found to 
have AV accessory pathways! were candidates for this 
study. Nineteen consecutive patients (14 men, 5 women; 
mean age 28 + 3 years, range 15 to 57) who gave in- 
formed consent constitute the study population (Table 
I). The study was approved by our Institutional Review 
Board. No patient had a history of angina pectoris, cor- 
onary artery or other cardiovascular disease. 

Fifteen patients had electrocardiograms demonstrat- 
ing typical preexcitation (left-sided in 9, posterior-septal 
in 5 and right-sided in 1). Four patients had only an- 
terograde conduction. Four patients had no anterograde 
preexcitation and normal electrocardiograms but did 
have concealed (retrograde conducting only)! accesso- 
ry pathways (all were left-sided). All 19 patients had a 
history of arrhythmia; 7 had previously documented re- 
current orthodromic reciprocating tachycardia, 4 had 
documented atrial fibrillation and 8 had recurrent pal- 
pitations without a previously documented arrhythmia. 
No patient had a history of ventricular fibrillation. 

Electrophysiologic evaluation: All antiarrhythmic 
drugs, including digoxin, 8 blockers and calcium antag- 
onists, were discontinued a minimum of 5 half-lives be- 
fore study. Patients were studied in the postabsorptive 
state, according to standard techniques.! After local an- 
esthesia was obtained with 1% lidocaine, 3 multielec- 
trode catheters were inserted percutaneously in a femo- 
ral vein and positioned in the high right atrium, the 
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Ante AP 
Characteristics 


of AP Conduction State BCL 


Ante, retro 
Ante, retro 
Ante, retro 
Ante, retro 
Ante, retro 
Ante, retro 
Ante, retro 
Ante, retro 
Ante, retro 
Ante, retro 


Ante, retro 


Ante only 


Ante only 
Ante only 
Ante only 
Retro only 
Retro only 
Retro only 


Retro only 


All measurements are in ms. 
* Determined at a pacing cycle length of 500 ms. 


Ortho RT 


AFib = atrial fibrillation; AH = AH interval; Ante = anterograde; AP = accessory pathway; BCL = block cycle length; CL = cycle length; ERP = effective refractory period; NA = not ap- 
plicable; Ortho RT = orthodromic reciprocating tachycardia; Retro = retrograde; ShRR = shortest RR interval between preexcited beats; VA = ventriculoatrial interval: — = not 


measured, 


right ventricular apex and the region of the His bundle. 
A fourth catheter was positioned in the coronary sinus 
from the left subclavian vein in 16 patients. Pacing was 
performed using a programmable stimulator with an 
output at twice diastolic threshold and a 2-ms pulse 
width. Data were recorded at a paper speed of 100 
mm/s. 

In the supine position, basic conduction intervals 
were measured. Then incremental atrial pacing, incre- 
mental ventricular pacing, single atrial and ventricular 
extrastimulation at drive cycle lengths of 600, 500 and 
400 ms were performed. Incremental atrial pacing was 
performed at cycle lengths just shorter than sinus 
rhythm down to a cycle length of 250 ms, or until su- 
praventricular tachycardia was induced or AV nodal 
and accessory pathway blocks were observed. The pac- 
ing cycle length was continuously decreased by 50 ms 
until a cycle length of 400 ms was reached and by 20 
ms thereafter. Incremental ventricular pacing was per- 
formed in a similar manner, down to a cycle length of 
250 ms or until tachycardia was induced or ventriculo- 
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atrial (VA) block was observed. During atrial and ven- 
tricular extrastimulation, diastole was scanned in 10-ms 
decrements. Atrial fibrillation was induced with rapid 
atrial pacing during sinus rhythm or orthodromic recip- 
rocating tachycardia. 

After supine testing, each patient was tilted to a 45° 
head-up position, using a tilt-table. Head-up tilt was 
maintained with the assistance of a foot support. After a 
5-minute equilibration period all electrophysiologic 
measurements were repeated. Patients were then re- 
turned to the supine position. Blood pressures were mea- 
sured by the cuff technique. 

Definitions: Accessory pathway anterograde block 
cycle length was measured during incremental atrial 
pacing and defined as the longest cycle length at which 
accessory pathway block consistently occurred. Accesso- 
ry pathway anterograde effective refractory period was 
measured by introducing atrial extrastimuli after a train 
(8 beats) of atrial pacing at fixed cycle length and was 
defined as the longest atrial coupling interval at which 
block in the accessory pathway was observed. For pur- 


o n " "s 


poses of comparison, refractory period data are reported 
for drive cycle length of 500 ms only. 

Accessory pathway retrograde block cycle length 
was measured during incremental ventricular pacing 
and defined as the longest cycle length at which acces- 
sory pathway block consistently occurred. In 4 patients, 
retrograde block cycle length was defined during ortho- 
dromic reciprocating tachycardia. Accessory pathway 
retrograde effective refractory period was measured by 
introducing ventricular extrastimuli after an 8-beat 
train of ventricular pacing at a 500-ms cycle length, su- 
pine and with upright tilt, and was defined as the lon- 
gest ventricular coupling interval at which VA conduc- 
tion did not take place over the accessory pathway. Ret- 
rograde accessory pathway conduction and accessory 
pathway location were assessed by standard tech- 
niques.! 

Statistical analysis: Data are presented as mean + 
standard error of the mean. Data were compared by 
paired 2-tailed ¢ test, unless otherwise indicated. P 
«0.05 was considered statistically significant. 


RESULTS 

Anterograde accessory pathway conduction: One 
patient (no. 15) who manifested no anterograde acces- 
sory pathway conduction while supine (sinus cycle 
length 680 ms) developed anterograde accessory path- 


Anterograde BCL 





Anterograde ERP 


way conduction during head-up tilt. Preexcitation did 
not appear or disappear in any other patient with up- 
right posture. Tilt did not change the magnitude of 
preexcitation during sinus rhythm: there was no signifi- 
cant change in HV interval or QRS duration during 
head-up tilt compared to supine measurements. 

Anterograde accessory pathway block cycle length 
could be assessed in the supine and head-up tilt posi- 
tions in 12 of the 15 patients in whom anterograde ac- 
cessory pathway conduction was present. It decreased in 
all but 1 patient. Accessory pathway anterograde block 
cycle length decreased from 374 + 52 to 303 + 33 ms 
(p = 0.03) (Figure 1). 

Anterograde accessory pathway effective refractory 
period decreased in all 9 patients in whom it could be 
assessed. Mean anterograde effective refractory period 
shortened from 286 + 17 to 249 + 10 ms (p = 0.005). 
The anterograde accessory pathway effective refractory 
period was limited by atrial refractoriness in 3 patients 
while supine and in 4 patients during head-up tilt. 

Retrograde accessory pathway conduction: Retro- 
grade accessory pathway conduction was present in 15 
patients. Block cycle length could be defined under both 
conditions in 7 patients and decreased in 6. In 2 addi- 
tional patients, retrograde accessory pathway block cy- 
cle length was <250 ms both while supine and during 
head-up tilt. Mean retrograde block cycle length de- 


Retrograde BCL Retrograde ERP 


FIGURE 1. Effect of 45° head-up tilt (T) on anterograde and retrograde accessory pathway block cycle length (BCL) and 
effective refractory period (ERP). Control values are measured in the supine (S) position. Values are mean + standard error of 


the mean. 
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creased from 331 + 36 to 291 + 35 ms (p = 0.005). 
Retrograde accessory pathway effective refractory peri- 
od decreased from 312 + 26 to 274 + 15 ms (p = 0.02). 

Induced arrhythmias: The shortest RR interval be- 
tween preexcited beats could be measured during atrial 
fibrillation, both while supine and during head-up tilt, in 
8 patients (Figure 2). In 1 additional patient, atrial fi- 
brillation with head-up tilt was associated with predom- 
inantly normal QRS complexes because of enhance- 
ment of AV nodal conduction, precluding determination 
of the shortest RR interval between 2 preexcited beats. 
The shortest RR interval decreased in 6 of 8 patients, 
from 259 + 16 to 234 + 14 ms. This difference did not, 
however, reach statistical significance (p = 0.10). The 
mean RR interval during atrial fibrillation shortened in 
all 9 patients (from 377 + 13 to 325 + 11 ms) (p = 
0.0003). The percentage of preexcited beats during atri- 
al fibrillation did not change significantly (70 + 14% 
supine, 61 + 15% during head-up tilt). 

Sustained orthodromic reciprocating tachycardia 
was induced both while supine and during tilt in 11 pa- 
tients. Two patients with orthodromic reciprocating 
tachycardia while supine were not assessed during head- 
up tilt because induced atrial fibrillation was persistent 
and precluded reinducing orthodromic reciprocating 
tachycardia. Tachycardia cycle length shortened 15% 
during head-up tilt (357 + 26 to 304 + 21 ms; p = 
0.002) primarily due to a decrease in anterograde AV 
nodal conduction time: the AH interval shortened from 
198 + 25 to 162 + 14 ms. Retrograde conduction time 
changed minimally (130 + 17 to 123 + 16 ms) but the 
change was statistically significant (p = 0.02). There 
was no significant change in the anterograde His-Pur- 
kinje conduction time (HV interval). 


Shortest RR interval 
in Atrial Fibrillation 





FIGURE 2. Effect of 45° head-up tilt (T) on shortest RR inter- 
val between 2 preexcited beats during atrial fibrillation and 
cycle length during orthodromic reciprocating tachycardia (RT 
CL). Control values are measured in the supine (S) position. 
Values are mean + standard error of the mean. 
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Every patient in whom orthodromic reciprocating 
tachycardia was induced upright had sustained ortho- 
dromic reciprocating tachycardia in the supine position. 
One patient (no. 11) with dual AV nodal pathways!> 
had orthodromic tachycardia of 2 distinct cycle lengths 
(350 ms using the slow pathway anterogradely and 245 
ms using the fast pathway) supine. During head-up tilt 
only a single tachycardia cycle length (250 ms) was ob- 
served. In 1 patient (no. 5), orthodromic reciprocating 
tachycardia (cycle length 275 ms) spontaneously and 
reproducibly converted to atrial fibrillation during head- 
up tilt but not while supine. 

Systolic blood pressure did not change significantly 
with tilt during sinus rhythm. In 8 patients, systolic 
blood pressure decreased during atrial fibrillation in the 
upright position (102 + 5 mm Hg) when compared to 
the supine position (115 + 3 mm Hg; p = 0.03 by sin- 
gle-tailed paired 1 test). Blood pressure during orthodro- 
mic reciprocating tachycardia also decreased during 
head-up tilt (101 + 5 mm Hg upright vs 109 + 2 mm 
Hg supine) although this difference did not reach statis- 
tical significance. Two patients who experienced mini- 
mal symptoms during tachycardia in the supine position 
experienced near-syncope during tachycardia in the up- 
right position. Otherwise, symptoms were similar in 
both positions. 

We compared the cycle lengths of induced tachycar- 
dia in the supine and head-up positions to the cycle 
lengths of spontaneous, clinical tachycardias in 7 pa- 
tients. The shortest RR interval between 2 preexcited 
beats during atrial fibrillation averaged 260 + 36 ms 
supine, 227 + 3 ms upright and 213 + 13 ms during 
spontaneous atrial fibrillation. Cycle lengths of ortho- 
dromic tachycardia averaged 382 + 50 ms supine, 329 
+ 56 ms upright and 298 + 23 ms during spontaneous 
tachycardia. Both supine and upright tachycardia cycle 
length exceeded spontaneous tachycardia cycle length. 
However, the degree to which tachycardia cycle length 
during electrophysiologic study exceeded clinical tachy- 
cardia cycle length was significantly less during head-up 
tilt (24 + 25 ms) than during supine testing (69 + 25 
ms; p = 0.02). 


DISCUSSION 

We have demonstrated that head-up tilt significantly 
shortens both anterograde and retrograde refractoriness 
of the atrioventricular accessory pathway, can increase 
the rate of the most commonly observed arrhythmias in 
patients with an accessory pathway and may be associ- 
ated with hemodynamic and symptomatic deterioration. 

Mechanism of the effect of tilt: We did not directly 
assess the mechanism of the electrophysiologic changes 
in accessory pathway conduction, although it is likely 
that the effect of tilt is mediated through both sympa- 
thetic stimulation and parasympathetic withdrawal.!'.!? 
We also did not directly compare the effects of tilt and 
pharmacologic maneuvers in these patients. However, 
the effects of tilt on accessory conduction are quantita- 
tively similar to those observed with exercise or isopro- 
terenol administration.®’ Nevertheless, it is possible that 
the demonstrated electrophysiologic effects of tilt on ac- 
cessory pathway conduction are mediated by complex 
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autonomic changes not simply mimicked by either 6- 
agonist or cholinergic blocker administration. 

Clinical significance: The electrophysiologic changes 
provoked by assumption of the upright position may be 
clinically important. Head-up tilt decreases the shortest 
RR interval between preexcited beats and the mean RR 
interval during atrial fibrillation by an average of 10 
and 14%, respectively, but both decrease by as much as 
30% in some patients. The degree of tachycardia accel- 
eration did not correlate with patient age, initial tachy- 
cardia rate or change in sinus cycle length with tilt. The 
shortest RR interval between preexcited beats during 
atrial fibrillation may be an important marker of poten- 
tially lethal arrhythmias.? However, none of our pa- 
tients had a history of ventricular fibrillation. Thus, the 
predictive value of the shortest RR interval during 
head-up tilt is unknown. 

Mean orthodromic reciprocating tachycardia cycle 
length shortened 1596 with head-up tilt. Again, the 
range of shortening was wide: 5 of 10 patients had a 
220% decrease in cycle length. Although the decrease 
in cycle length during orthodromic tachycardia was pri- 
marily related to a decrease in anterograde AV nodal 
conduction time and not VA time, the shortened tachy- 
cardia cycle length was directly related to shortened ret- 
rograde accessory pathway refractoriness. During head- 
up tilt, the tachycardia cycle length was less than or 
equal to the supine accessory pathway retrograde block 
cycle length (making sustained tachycardia at this cycle 
length impossible) in 6 of 9 patients. A shortening of 
retrograde refractoriness with upright tilt was therefore 
required to sustain the tachycardia at the faster cycle 
length. 

Rinne et al!? recently observed that clinically occur- 
ring arrhythmias were faster than induced orthodromic 
reciprocating tachycardia and atrial fibrillation. These 
results are consistent with our observations. Overall, 
considering both atrial fibrillation and orthodromic 
tachycardias, spontaneous tachycardia cycle length and 
shortest RR interval were overestimated by 25% during 
supine testing and by only 896 during upright tilt. Symp- 
toms also appear to be more accurately reproduced by 
testing in the upright position.!° 

This study describes the electrophysiologic effects of 
head-up tilt. Upright posture decreased both antero- 
grade and retrograde accessory pathway block cycle 
length and refractoriness. Tachycardia cycle length and 
symptoms during head-up tilt more accurately repli- 
cated clinical arrhythmias. Although the electrophysio- 
logic differences between head-up tilt and the supine po- 
sition were not large on average, individual patients ex- 
perienced changes that might be clinically significant. 
Further study is required to determine whether electro- 
physiologic evaluation in the head-up position will pro- 
vide clinically useful prognostic or therapeutic informa- 
tion in patients with an accessory pathway. 

Limitations: We did not, for logistic reasons, ran- 
domly alternate the order in which supine and upright 
measurements were made. It is possible that time or 
previously induced arrhythmias influenced the electro- 
physiologic measurements made during head-up tilt. 
While we cannot exclude this possibility, it does seem 


unlikely. Following postural change, electrophysiologic 
measurements were repeated only after a 5-minute 
equilibration period during sinus rhythm. During this 
period we did not observe a progressive change in rest- 
ing conduction intervals, suggesting that the autonomic 
tone was relatively constant. After head-up measure- 
ments were completed, the patient was returned to the 
supine position. We were able to compare measured in- 
tervals in atrial fibrillation, orthodromic tachycardia or 
sinus rhythm during this second supine period with the 
supine period before tilting. No significant differences 
were observed. 
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Electrophysiologic Effects and Efficacy of 
Cibenzoline on Stimulation-Induced Atrial 
Fibrillation and Flutter and Implications for 
Treatment of Paroxysmal Atrial Fibrillation 


Volker Kühlkamp, MD, Juliane Meerhof, Frank Schmidt, Frank Mayer, MD, Oliver Ickrath, MD, 
Rainer Haasis, MD, and Ludger Seipel, MD 


The effects of intravenous cibenzoline (1.5 mg/kg) 


on atrial vulnerability and electrophysiology were 
assessed in 25 patients with documented paroxys- 
mál atrial fibrillation (AF), in whom sustained (^30 
seconds) AF was induced by atrial stimulation with 
up to 2 extrastimuli and paced rates between 100 
and 180 beats/min. In 7 patients AF persisted de- 
spite the application of cibenzoline, and in 8 pa- 
tients induction of AF was not prevented. In 10 pa- 
tients the induction of sustained AF was prevented 
by cibenzoline. Intraatrial conduction time, flutter 
cycle length and shortest ventricular cycle length 
during AF were increased by cibenzoline 
(p <0.01). Sinus cycle length was decreased (p 
<0.05), whereas sinus node recovery time re- 
mained unchanged. The effective refractory period 
of the right atrium was not significantly affected. 
Eight patients with frequent episodes of paroxys- 
mal AF received oral cibenzoline for control of par- 
oxysmal AF irrespective of the efficacy of intrave- 
nous cibenzoline. Prevention of stimulation-induced 
AF predicted successful treatment of paroxysmal 
AF (p = 0.018). Cibenzoline could be effective in 
the treatment of atrial arrhythmias, and selection 
of an antiarrhythmic therapy for recurrent AF 
seems to be useful. 

(Am J Cardiol 1990; 65:628-632) 
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he effects of class IA'? and IC* anti- 
| arrhythmic drugs on the conversion and preven- 
tion of atrial fibrillation (AF) and atrial flutter 
are well established. Cibenzoline is a new antiarrhyth- 
mic drug, currently under investigation for the treat- 
ment of ventricular! and supraventricular arrhyth- 
mias,!! exhibiting not only class I antiarrhythmic activi- 
ty but also class III and class IV actions according to 
the Vaughan Williams classification.!?-!^ The data con- 
cerning the efficacy of cibenzoline in the treatment of 
AF are limited.!? 

Using electrophysiologic study, we assessed the ef- 
fectiveness of intravenous cibenzoline in preventing 
stimulation-induced atrial flutter or AF. We also stud- 
ied its effects on atrial electrophysiology in patients with 
documented paroxysmal AF. In a subgroup of patients 
an oral treatment phase with cibenzoline for control of 
recurrent AF followed the intravenous testing of ciben- 
zoline. 


METHODS 

The study group consisted of 25 patients (16 men 
and 9 women) with documented symptomatic recurrent 
AF; the mean age was 59 + 9 years. The incidence of 
episodes of paroxysmal AF was assessed by extensive 
history and varied from 2 episodes/week to 1 attack/ 
month, each episode lasting between several hours to 3 
days in 1 patient. Dizziness was the main symptom due 
to recurrent AF in 8 patients; in all other patients par- 
oxysmal palpitations was the major complaint. Mean 
left atrial diameter was 40 + 8 mm, as determined by 
M-mode echocardiography. Before the electrophysiolog- 
ic study patients had to be in stable sinus rhythm for at 
least 48 hours and antiarrhythmic drugs, including car- 
dioactive steroids, were withdrawn for at least 5 drug 
half-lives. The electrophysiologic study was performed 
in the usual technique after written informed consent 
for the electrophysiologic study and the application of 
cibenzoline was obtained. The study protocol was ap- 
proved by the institutional committee on human re- 
search. Two or 3 multipolar electrode catheters were 
advanced under fluoroscopic control to the high right 
atrium, His position and the right ventricular apex. A 
quadripolar catheter (10-mm interelectrode distance) 
was positioned in the high right atrium, atrial stimula- 
tion was performed via the distal electrode pair and the 
proximal electrode pair was used to record the high 
right atrial electrocardiogram. The catheters remained 





in place during the electrophysiologic study; therefore, 
results of atrial stimulation were not biased by different 
stimulation sites. The surface electrocardiogram (leads 
I, III and Vj) as well as the intracardiac signals were 
recorded simultaneously on a Siemens Elema Mingo- 
graf 62 at a paper speed of 50 and 100 mm/s. Pacing 
stimuli were provided by a digital stimulator (Med- 
tronic 5328), with a pulse duration of 2 ms and approxi- 
mately twice diastolic strength. 

Assessment of atrial vulnerability was performed by 
programmed atrial stimulation with up to 2 extrastimuli 
during sinus rhythm and paced atrial cycle lengths of 
600, 430 and 330 ms. First 1 extrastimulus (S;) was 
introduced late in diastole and the coupling interval was 
shortened by steps of 10 ms until the effective refractory 
period of the right atrium was reached during sinus 
rhythm and each paced rate. Subsequently, after in- 
creasing the coupling interval of the first extrastimulus 
by 10 ms, a second extrastimulus (S3) was introduced 
and the coupling interval again shortened until no atrial 
depolarization was observed. The endpoint of pro- 
grammed atrial stimulation was the reproducible induc- 
tion of sustained (>30 seconds) atrial flutter or AF. 

If the induced atrial arrhythmia did not terminate 
spontaneously within 15 minutes, cibenzoline (1.5 mg/ 
kg) was infused within 10 minutes. In some patients the 
atrial tachyarrhythmia terminated with the infusion of 
cibenzoline; however, because it is not possible to decide 
whether it terminated spontaneously or whether cessa- 
tion of the atrial tachyarrhythmia was due to cibenzo- 
line, these patients were considered patients with spon- 
taneously terminating atrial flutter or AF. In patients 
with spontaneous cessation of the atrial arrhythmia 
within 10 minutes after the onset, cibenzoline was in- 
fused at 1.5 mg/kg within 10 minutes and after another 
10 minutes the complete electrophysiologic study was 
repeated within 20 minutes. Cibenzoline plasma levels 
were drawn 15, 30 and 45 minutes after the end of the 
cibenzoline infusion and determined by high power liq- 
uid chromatography. 

The following parameters were determined: P-wave, 
ORS- and QTc-duration, sinus cycle length, sinus node 
recovery time, effective and functional refractory period 
of the atrioventricular node, Wenckebach cycle length, 
intraatrial conduction time during sinus rhythm and 
paced cycle lengths of 600, 500, 430, 375, 330 and 300 
ms, intranodal (AH) and infranodal (HV) conduction 
time during sinus rhythm and a paced cycle length of 
600 ms, effective refractory period of the right atrium 
during sinus rhythm and paced cycle length of 600, 430 
and 330 ms, effective refractory period of the right ven- 
tricle at a paced cycle length of 500 ms, cycle length of 
atrial flutter, shortest ventricular cycle length during 
the first 30 seconds of stimulation-induced atrial flutter 
or AF. P-wave, QRS- and QTc-durations were deter- 
mined in lead V; of the surface electrocardiogram. The 
intraatrial conduction time was defined as the time in- 
terval from the onset of high right atrial activation to 
the deflection of the basal right atrial electrocardiogram 
(A-wave on the His bundle electrocardiogram). 

The effects of cibenzoline on atrial flutter or AF 
were defined as refractory atrial flutter or AF if ciben- 
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TABLE I Electrophysiologic Data (in ms) Obtained at 
Baseline and After the Intravenous Application of Cibenzoline 


Baseline 


873 + 166 











Cibenzoline 


753 + 130* 


(n = 18) (n = 18) 
Sinus node recovery time 131591205 1,1624 262 
(n = 18) (n = 18) 
Cycle length of atrial 212412 291 + 28t 
flutter (n =9) (n 7 9) 
Intranodal (AH) conduction time 116 4 31 136 + 39t 
at a paced rate of 100 beats/min (n = 18) (n = 18) 
Infranodal (HV) conduction time 47 € 10 71: 15t 
at a paced rate of 100 beats/min (n = 18) (n = 18) 
Fffective refractory period 316+ 42 298 + 47 
of the atrioventricular node (n = 10) (n = 10) 
Functional refractory period 416 i47 429 + 41 
of the atrioventricular node (n = 14) (n = 14) 
Wenckebach cycle length 316 + 33 375 + 54 
(n = 18) (n = 18) 
Shortest ventricular cycle 434 +455 489 + 1191 
length during atrial flutter (n = 17) (n = 17) 
Effective refractory period 232 + 13 238 + 20 
of the right ventricle (n= 17) (n = 17) 
P-wave duration 96 4 17 115 x21! 
(n = 18) (n = 18) 
ORS duration 90 + 21 113 x 21! 
(n = 25) (n = 25) 
QTc duration 398 + 36 434 + 35! 
(n = 18) (n = 18) 






* p < 0.05; tp < 0.01. - : 


zoline did not terminate the atrial tachyarrhythmia 
within 15 minutes after the end of the cibenzoline infu- 
sion. Atrial vulnerability was thought to be unchanged 
if sustained atrial flutter or AF was again induced after 
the infusion of cibenzoline. Cibenzoline was thought to 
be effective if neither sustained atrial flutter nor AF 
was induced. 3 

As a second part of the study 8 patients with fre- 
quent episodes of paroxysmal AF (1 to 2/week) re- 
ceived oral cibenzoline (2 X 160 mg/day) irrespective 
of the results of intravenous testing of cibenzoline. Two 
patients received metildigoxin (0.2 mg/day) additional- 
ly. Patients were seen on an outpatient basis every 2 or 
3 months. At these visits they were asked if they had 
episodes of paroxysmal AF, blood was drawn for deter- 
mination of cibenzoline plasma levels and a 12-lead sur- 
face electrocardiogram was obtained. 

Statistical analysis was done using the paired ¢ test 
and the Fisher exact test as appropriate. A 





RESULTS 

Sinus cycle length and sinus node recovery time: Sj- 
nus cycle length was significantly decreased by cibenzo- 
line from 873 + 166 to 753 + 130 ms (p <0.05). Sinus 
node recovery time was not significantly affected by 
cibenzoline (Table I). 

In 9 patients with induced atrial flutter the cycle 
length of the atrial tachyarrhythmia increased from 212 
+ 12 to 291 + 28 ms (p <0.01, Table I). In 1 patient, 
with the application of cibenzoline AF converted to an 
atrial tachycardia (atrial cycle length 295 ms) with an 
increase in the ventricular rate from 145 to 203 beats / 
min. 
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Intraatrial conduction: A delay of intraatrial con- 
duction was seen with increasing frequency; this con- 
duction delay was significantly (p <0.01) longer after 
the application of cibenzoline (Figure 1). Intraatrial 
conduction time was only measured during high rate 
atrial stimulation. 

Effective refractory period of the right atrium: The 
effective refractory period of the right atrium was not 
significantly affected by cibenzoline (Figure 2). For this 
comparison only the data of those patients in whom the 
effective refractory period of the right atrium could be 
determined at each paced cycle length under baseline 
conditions and after the application of cibenzoline were 
taken into account. 


e BASELINE 
= CIBENZOLINE 


(n=16 ) 





e BASELINE 


Effective refractory period of the right ventricle: 
The effective refractory period of the right ventricle was 
not significantly affected by cibenzoline (Table I). 

Atrioventricular conduction: In 10 patients the ef- 
fective refractory period of the atrioventricular node 
could be obtained before and after the application of 
cibenzoline (Table I); in the other patients determina- 
tion of the effective refractory period of the atrioventric- 
ular node was limited by the effective refractory period 
of the right atrium (4 patients) or was impossible be- 
cause of atrial flutter or AF (11 patients). The function- 
al refractory period of the atrioventricular node was also 
not significantly affected by cibenzoline. Wenckebach 
cycle length increased from 316 + 33 to 375 + 54 ms. 


FIGURE 1. Intraatrial conduction time 
(HRA-A, in ms) during sinus rhythm and 
paced rates of 100, 120, 140, 160, 180 
and 200 beats/min. Only those patients in 
whom complete high rate atrial pacing 
was available under baseline 

and after the application of cibenzoline 
were taken into account. 


(n= 14) 


a CIBENZOLINE 
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FIGURE 2. Effect of cibenzoline on the 
effective refractory period (in ms) of the 
right atrium during sinus rhythm and each 
paced rate. Only the data of those patients 
in whom the effective refractory period of 
the right atrium could be determined 
under baseline conditions and after the 
intravenous application of cibenzoline 

are included. 


x 


E 


During atrial flutter or AF cibenzoline increased the 
shortest ventricular cycle length from 434 + 55 to 489 
+ 119 ms (p <0.01, Table I). 

Induction of atrial flutter and atrial fibrillation: At 
the baseline study sustained atrial flutter or AF was in- 
duced in all patients (Figure 3): in 2 patients by contin- 
uous atrial pacing and in 8 patients with 1 extrastimu- 
lus; in the remaining 15 patients 2 extrastimuli were 
necessary. The ease of induction of atrial flutter or AF 
was not related to the frequency of spontaneous AF. 
Eight patients had AF and 17 had atrial flutter. The 
coupling interval of the premature atrial contraction (S; 
or S3) initiating the atrial tachyarrhythmia was 210 4 
42 ms in patients with induced AF (6) and 197 + 31 ms 
in patients with atrial flutter (17). 

After the application of cibenzoline, atrial flutter or 
AF was induced in 8 patients, while in 9 patients no 
atrial tachyarrhythmia was induced. In 1 patient only 
nonsustained atrial flutter with a maximal duration of 9 
seconds was induced. In the remaining 7 patients atrial 
flutter or AF persisted despite the intravenous applica- 
tion of cibenzoline. The ease of induction of AF at base- 
line was not related to the effect of cibenzoline on atrial 
vulnerability. In 4 patients AF changed to atrial flutter 
with the application of cibenzoline. 

Cibenzoline plasma levels: Plasma levels 15 minutes 
after the application of cibenzoline ranged from 170 to 
476 ug/ml (292 + 87 ug/ml, n = 20), at 30 minutes 
they were 231 + 70 ug/ml (n = 19, from 135 to 381 
ug/ml ) and at 45 minutes 201 + 21 ug/ml (n = 13, 
from 165 to 239 ug/ml). Plasma levels in patients in 
whom atrial flutter or AF was not initiated after the 
application of cibenzoline were not significantly differ- 
ent from plasma levels in patients in whom the atrial 
tachyarrhythmia was refractory to cibenzoline. 

Long-term treatment with cibenzoline: The follow- 
up of the 8 patients receiving oral cibenzoline for con- 


BASELINE 


benzoline on atrial vulnerability. AF S,S, 
= induction of atrial flutter or AF by high 
rate atrial pacing; AF S5, AF SS; 
= induction of atrial flutter or AF by lor2 
ng AF RC ari P 
sisting = atri er or isti 
despite the intravenous application of ci- 
benzoline; inducible AF = sustained atrial 
lutter or AF still inducible after the intra- 
renous application of cibenzoline; no AF — 
preventing the induction of 
stained atrial flutter or AF. 








trol of paroxysmal AF or flutter was 7 + 5 months 
(range 2 to 18). In 1 patient with unchanged atrial vul- 
nerability in the electrophysiologic study and 2 patients 
with persisting AF after the infusion of cibenzoline, the 
frequency of paroxysmal AF was not changed by oral 
cibenzoline. Four patients were successfully treated by 
oral cibenzoline for 6 to 18 months; a further patient 
stopped successful oral treatment with cibenzoline after 
2 months and was lost to follow-up. In these 5 patients 
the induction of AF by programmed atrial stimulation 
Was prevented by intravenous cibenzoline; that is, ciben- 
zoline was effective as defined by our criteria (p = 
0.018). Mean cibenzoline plasma levels (trough levels) 
at the follow-up visits were 378 + 110 ug/ml. 

General tolerance of cibenzoline: One patient com- 
plained of nausea with the intravenous administration of 
cibenzoline; in all other patients no side effects were ob- 
served with the intravenous or oral administration of ci- 
benzoline. Proarrhythmic effects (i.e., induction of or 
Spontaneous sustained ventricular tachycardia), were 
not seen in any patient with the intravenous or oral ap- 
plication of cibenzoline. Blood pressure was not signifi- 
cantly affected by intravenous cibenzoline. 


DISCUSSION 

Several studies support the concept that an enhanced 
atrial vulnerability is related to recurrent atrial 
tachyarrhythmias.!6-19 Factors that are thought to af- 
fect atrial vulnerability, such as the induction of AF or 
flutter, are the effective refractory period of the atrium 
and intraatrial conduction velocity, respectively, and in- 
traatrial conduction time.!7-27 In our patients intraatrial 
conduction time was mainly increased (Figure 1), while 
the effective refractory period of the right atrium was 
almost unchanged (Figure 2). Hence, according to the 
“wave-length” theory,28 induction of the atrial tachyar- 
rhythmia should have been easier. However, cibenzoline 


CIBENZOLINE 
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was effective, suppressing stimulation-induced AF or 
flutter in 10 of 25 patients. The explanation for this 
discrepancy remains speculative; 1 reason may be that 
the effects of cibenzoline on the atrial reentry circuit 
may differ from the effects seen in the right atrium. 

Although the numbers are small, our study indicates 
that an antiarrhythmic therapy for paroxysmal AF se- 
lected by electrophysiologic testing seems to predict effi- 
cacy after oral treatment. However, since patients were 
only asked if they had episodes of AF at the follow-up 
visits, we might have missed episodes of recurrent AF, 
because cibenzoline causes a marked reduction in ven- 
tricular rate and hence patients did not recognize recur- 
rent AF. There is only 1 study in patients with manifest 
Wolff-Parkinson-White syndrome complicated by 
symptomatic paroxysmal AF in which the antiarrhyth- 
mic therapy was selected by atrial stimulation. Be- 
cause patients received only the medication that proved 
to be effective during the electrophysiologic study, it is 
unknown whether an antiarrhythmic therapy chosen by 
chance would have been as successful. Our definition of 
drug efficacy is arbitrary and its relevance has to be 
investigated in larger studies comparing drug efficacy in 
the electrophysiologic laboratory and in the clinic. 
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INDICATIONS AND USAGE 
This drug product has been conditionally approved by the FDA 
for the prevention of angina pectoris due to coronary artery 
disease. Tolerance to the antianginal effects of nitrates 
(measured » exercise stress testing) has been shown to be à 
major factor limiting efficacy when transdermal nitrates are 
used continuously for longer than 12 hours each day. The 
development of tolerance can be altered (prevented or 
attenuated) by use of a noncontinuous (intermittent) dosing 
schedule with a nitrate-free interval of 10-12 hours. 
Controlled clinical trial data suggest that the intermittent 
use of nitrates is associated with ecreased exercise 
tolerance, in comparison to placebo, during the last part of 
the nitrate-free interval; the clinical relevance of this observa- 
tion is unknown, but the possibility of increased frequency or 
severity of angina during the nitrate-free interval should be 
considered. Further investigations of the tolerance phenome- 
non and best regimen are ongoing. A final evaluation of the 
effectiveness of the product will be announced by the FDA. 





CONTRAINDICATIONS 
Allergic reactions to organic nitrates are extremely rare, but they do 


occur. Nitroglycerin is contraindicated in patients who are allergic 
to it. Allergy to the adhesives used in nitroglycerin patches has also 
been a and it similarly constitutes a contraindication to the 
use of this product. 


WARNINGS 
The benefits of transdermal nitroglycerin in atients with acute 
pS sharing infarction or congestive heart failure have not been 
established. If one elects to use nitroglycerin in these conditions, 
careful clinical or hemodynamic monitoring must be used to avoid 
the hazards of hypotension and tachycardia. 

A cardioverter/detibrillator should not be discharged through a 
eph electrode that overlies a Transderm-Nitro patch. The arcing 

hat may be seen in this situation is harmless in itself, but it may be 

associated with local current concentration that can cause damage 
to the paddies and burns to the patient. 


PRECAUTIONS 

General 

Severe hypotension, particularly with upright posture, may occur 
with even small doses of nitroglycerin. This drug should therefore 
be used with caution in patients who may be volume depleted or 
who, for whatever reason, are already hypotensive. Hypotension 
induced by nitroglycerin may be accompanied by para oxical 
bradycardia and increased angina pectoris. 

Nitrate therapy may aggravate the angina caused by hypertrophic 
cardiomyopathy. 

As tolerance to other forms of nitroglycerin develops, the effect 
of udi | nitroglycerin on exercise tolerance, although still 
observable, is somewhat blunted. 

In industrial workers who have had long-term exposure to 
unknown (presumably high) doses of organic nitrates, tolerance 
clearly occurs. Chest pain, acute myocardial infarction, and even 
sudden death have occurred during temporary withdrawal of 
nitrates from these workers, demonstrating the existence of true 
physical dependence. 

Several clinical trials in patients with angina pectoris have 


. evaluated nitroglycerin regimens which incorporated a 10-12 hour 


nitrate-free interval. In some of these trials, an increase in the 
frequency of anginal attacks during the nitrate-free interval was 
observed in a small number of patients. In one trial, patients 
demonstrated decreased exercise tolerance at the end of the 


-.. nitrate-free interval. Hemodynamic rebound has been observed 


_ only rarely: on the other hand, few studies were SO designed that 
. rebound, if it had occurred, would have been detected. The 


importance of these observations to the routine, clinical use of 
transdermal nitroglycerin is unknown. 
Information for Patients 


Daily headaches sometimes accompany treatment with nitroglyc- 
- erin. In patients who get these headaches, the headaches may be a 


marker of the activity of the drug. Patients should resist the 


temptation to avoid headaches by altering the schedule of their 


treatment with nitroglycerin, since loss of headache may be 
associated with simultaneous loss of antianginal brs 

Treatment with nitroglycerin may be associated with lightheaded- 
ness on standing, especially just after rising from a recumbent or 
seated position. This effect may be more frequent in patients who 
have also consumed alcohol. 


 »The only patch with 
an easy-open tab 


Easy to apply — 


Easy to remove 


Available in four 
convenient strengths 


Patches shown are not 
actual size. 


After normal use, there is enough residual nitroglycerin in 
discarded patches that they are a potential hazard to children and 


pets. 

A patient leaflet is supplied with the systems. 
Drug Interactions 
The vasodilating effects of nitroglycerin may be additive with those 
of other vasodilators. Alcohol, in particular, has been found to 
exhibit additive effects of this variety. 

Marked symptomatic orthostatic hypotension has been reported 
when calcium channel blockers and organic nitrates were used in 
combination. Dose adjustments of either class of agents may be 
necessary. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

No long-term animal studies have examined the carcinogenic or 
mutagenic potential of nitroglycerin. Nitroglycerin's effect upon 
reproductive capacity is similarly unknown. 

Pregnancy Category C 

Animal reproduction studies have not been conducted with 
nitroglycerin. It is also not known whether nitroglycerin can cause 
fetal harm when administered to a pregnant woman or whether it 
can affect reproductive capacity. Nitroglycerin should be given to a 
pregnant woman only if clearly needed. 

Nursing Mothers 

It is not known whether nitroglycerin is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be 
exercised when nitroglycerin is administered to a nursing woman. 
Pediatric Use 

Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Adverse reactions to nitroglycerin are generally dose-related, and 
almost all of these reactions are the result of nitroglycerin's activity 
as a vasodilator. Headache, which may be severe, is the most 
commonly reported side effect. Headache may be recurrent with 
each daily dose, especially at higher doses. Transient episodes of 
lightheadedness, occasionally related to blood pressure changes, 
may also occur. Hypotension occurs infrequently, but in some 
patients it may be severe enough to warrant discontinuation of 
therapy. Syncope, crescendo angina, and rebound hypertension 
have been reported but are uncommon. 

Extremely rarely, ordinary doses of organic nitrates have caused 
methemoglobinemia in normal-seeming patients. Methemoglobin- 
emia is so infrequent at these doses that further discussion of its 
diagnosis and treatment is deferred (see Overdosage). 


Application-site irritation may occur but is rarely severe. 

in two placebo-controlled trials of intermittent therapy with 
nitroglycerin patches at 0.2 to 0.8 mg/hr, the most frequent 
adverse reactions among 307 subjects were as follows: 


Placebo Patch 
Headache 18% 63% 
Lightheadedness 4% 6% 
Hypotension, and/or syncope 0% 4% 
Increased angina 2% 2% 
OVERDOSAGE 
Hemodynamic Effects 


The ill effects of nitroglycerin overdose are generally the result of 
nitroglycerin's capacity to induce vasodilatation, venous pooling, 
reduced cardiac output, and hypotension. These hemodynamic 
changes may have protean manifestations, including increased 
intracranial pressure, with any or all of persistent throbbing 
headache, confusion, and moderate fever; vertigo; palpitations, 
visual disturbances; nausea and Wen (possibly with colic and 
even bloody diarrhea); syncope rit ly in the upright posture); 
air hunger and oyanan: later followed by reduced ventilatory effort; 
diaphoresis, with the skin either flushed or cold and clammy; heart 
block and bradycardia; paralysis; coma; seizures; and death. 

Laboratory determinations of serum levels of nitroglycerin and 
its metabolites are not widely available, and such determinations 
have, in any event, no established role in the management of 
nitroglycerin overdose. 

No data are available to suggest physiological maneuvers (e.9.., 
maneuvers to change the pH of the urine) that might accelerate 
elimination of nitroglycerin and its active metabolites. Similarly, it is 
not known which, if any, of these substances can usefully be 
removed from the body by hemodialysis. 

No specific antagonist to the vasodilator effects of nitroglycerin 
is known, and no intervention has been subject to controlled study 
as a therapy of nitroglycerin overdose. Because the hypotension 
associated with nitroglycerin overdose is the result of venodilatation 
and arterial hypovolemia, prudent therapy in this situation should 
be directed toward an increase in central fluid volume. Passive 
elevation of the patient's legs may be sufficient, but intravenous 
infusion of normal saline or similar fluid may also be necessary. 

The use of epinephrine or other arterial vasoconstrictors in this 
setting is likely to do more harm than good. 

In patients with renal disease or congestive heart failure, therapy 
resulting in central volume expansion is not without hazard. 
Treatment of nitroglycerin overdose in these patients may be subtle 
and difficult, and invasive monitoring may be required. 


Nitrate ions liberated during metabolism of nitroglycerin can oxidize 
hemoglobin into methemoglobin. Even in patients totally without 
cytochrome bs reductase activity, however, and even assuming that 
the nitrate moieties of nitroglycerin are quantitatively applied to 
oxidation of hemoglobin, about 1 mg/kg of dea 2 eth should be 
required before any of these patients manifests clinically significant 

> 10%) methemoglobinemia. In patients with normal reductase 
unction, significant production of methemoglobin should require. 
even larger doses of nitroglycerin, In one study in which 36 patients 
received 2-4 weeks of continuous nitroglycerin therapy at 3.1 to 
4.4 mg/hr, the average methemoglobin level measured was 0.2%; 
this was comparable to that observed in parallel patients who 
received placebo. 

Notwithstanding these observations, there are case reports of 
significant methemoglobinemia in association with moderate 
overdoses of organic nitrates. None of the affected patients had 
been thought to be unusually susceptible. 

Methemoglobin levels are available from most clinical laborato- 
ries. The diagnosis should be suspected in patients who exhibit 
signs of impaired oxygen delivery despite adequate cardiac output 
and adequate arterial pO». Classically, methemoglobinemic blood is 
described as chocolate brown, without color change on exposure to 


air. 
When methemoglobinemia is diagnosed, the treatment of choice 
is methylene blue, 1-2 mg/kg intravenously. 


DOSAGE AND ADMINISTRATION 

The suggested starting dose is between 0.2 mg/hr* , and 

0.4 mg/hr* . Doses between 0.4 mg/hr* and 0.8 mg/hr* have 
shown continued effectiveness for 10-12 hours daily for at least 
one month (the longest period studied) of intermittent administra- 
tion. Although the minimum nitrate-free interval has not been 
defined, data show that a nitrate-free interval of 10-12 hours is 
sufficient (see CLINICAL PHARMACOLOGY). Thus, an appropriate 
dosing schedule for nitroglycerin patches would include a daily 
patch-on period of 12-14 hours and a daily patch-off period of 
10-12 hours. 

Although some well-controlled clinical trials using exercise 
tolerance testing have shown maintenance of effectiveness when 
patches are worn continuously, the large majority of such 
controlled trials have shown the development of tolerance (i.e. . 
complete loss of effect) within the first 24 hours after therapy was 
initiated. Dose adjustment, even to levels much higher than 
generally used, did not restore efficacy. 


PATIENT INSTRUCTIONS FOR APPLICATION OF SYSTEM 
A patient leaflet is supplied with each carton. 


HOW SUPPLIED 
Total 


Nitro- 

glycerin 
Transderm- — in System Carton 
Nitro System* System Size — Size 


0.1 mg/hr 125mg 5cm2 30 Systems...NDC 57267-902-26 
**30 Systems...NDC 57267-902-42 

**100 Systems...NDC 57267-902-30 

25 mg 10cm2 30 Systems...NDC 57267-905-26 
**30 Systems...NDC 57267-905-42 

**100 Systems...NDC 57267-905-30 

50 mg 20cm? 30 Systems...NDC 57267-910-26 
* *30 Systems... NDC 57267-91 0-42 

* *100 Systems... NDC 57267-910-30 

75 mg 30cm? 30 Systems.. .NDC 57267-915-26 
* *30 Systems... NDC 57267-915-42 

**100 Systems... NDC 57267-91 5-30 


* * Institutional Pack 


*Rated release in vivo. Release rates were formerly described in 
terms of drug delivered per 24 hours. In these terms, the supplied 
Transderm-Nitro systems would be rated at 2.5 mg/24 hr 

(0.1 mg/hr), 5 mg/24 hr (0.2 mg/hr), 10 mg/24 hr (0.4 mg/hr), 
and 15 mg/24 hr (0.6 mg/hr). 


Do not store above 86°F (30°C). 


Summit Pharmaceuticals 
Dist. by: 

Summit Pharmaceuticals 

Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 


0.2 mg/hr 


0.4 mg/hr 


0.6 mg/hr 


Printed in U.S.A. 
C89-46 (Rev. 10/89) 
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WHEN 
IT COMES TO 
SAFETY... 








No other nonionic or low osmolar contrast 
medium has demonstrated safety in as many 


clinical studies as nonionic OMNIPAQUE. 


OMNIPAQUE delivers outstanding image 
quality. 
OMNIPAQUE is the first second-generation 


nonionic approved for use in angiocardi- 
ography for patients under the age of 18. * 


OMNIPAQUE is used in more cardiac 
catheterization procedures than any other 
iodinated contrast agent.? 





OMNIPAQUE | 


(IOHEXOL) 


Setting the standard in 
the cardiac catheterization lab. 








OMNIPAQUE' [140] 


INJECTION (IOHEXOL) 
INTRAVASCULAR 


PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 
A SUMMARY FOLLOWS: 


DESCRIPTION: OMNIPAQUE is a sterile, pyrogen-free and preservative-free, nonionic, water-soluble radiographic 
contrast medium for intravascular administration in concentrations of 140, 240, 300, and 350 mgl/mL. OMNIPAQUE 
140 contains 302 mg of iohexol equivalent to 140 mg of organic iodine per mL; OMNIPAQUE 240 contains 518 mg of 
iohexol equivalent to 240 mg of organic iodine per mL. OMNIPAQUE 300 contains 647 mg of iohexol equivalent to 
300 mg of organic iodine per mL; and OMNIPAQUE 350 contains 755 mg of iohexol equivalent to 350 mg of organic 
iodine per mL. Each milliliter of iohexol solution contains 1.21 mg tromethamine and 0.1 mg edelale calcium 
disodium with the pH adjusted between 6.8 and 7.7 with hydrochloric acid or sodium hydroxide. Unused portions 
must be discarded. lohexol solution is sensitive to light and should be protected from exposure. "s 
CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients with a known hypersensitivity to 
iohexol. 

WARNINGS—General: Nonionic iodinated contrast media inhibit blood coagulation, in vitro, less than ionic 
contrast media. Clotting has been reported when blood remains in contact with syringes containing nonionic 
contrast media. 

Serious, rarely fatal, thromboembolic events causing myocardial infarction and stroke have been reported during 
angiographic procedures with both ionic and nonionic contrast media. Therefore, meticulous intravascular 
administration technique is necessary, particularly during angiographic procedures, to minimize thromboembolic 
events. Numerous factors, including length of procedure, catheter and syringe material, underlying disease state, and 
concomitant medications, may contribute to the development of thromboembolic events. For these reasons, 
meticulous angiographic techniques are recommended including close attention to guidewire and catheter manipula- 
tion, use of manifold systems and/or three-way sto , frequent catheter flushing with heparinized saline 
solutions and minimizing the length of the procedure. The use of plastic syringes in place of glass syringes has been 
reported to decrease but not eliminate the ikelihood of in vitro clotting. 

OMNIPAQUE should be used with extreme care in patients with severe functional disturbances of the liver and 
kidneys, severe thyrotoxicosis, or myelomatosis. Diabetics with a serum creatinine level above 3 mg/dL should not 
be examined unless the possible benefits of the examination clearly outweigh the additional risk. OMNIPAQUE is not 
recommended for use in patients with anuria. 

Radiopaque contrast agents are potentially hazardous in patients with multiple myeloma or other paraproleinemia, 
particularly in those with therapeutically resistant anuria. Although neither the contrast agent nor dehydration has 
separately proven to be the cause of anuria in myeloma, it has been speculated that the combination of both may be 
causative factors. The risk in myelomatous patients is nol a contraindication; however, special precautions are 
necessary. Partial dehydration in the preparation of these patients prior to — is not recommended since this 
may predispose the patient to precipitation of the myeloma protein in the renal tubules. No form of therapy, including 
dialysis, has been successful in reversing the effect. Myeloma, which occurs most commonly in persons over age 40, 
should be considered before instituting intravascular administration of contrast agents. 

lonic contrast media, when injected intravenously or intra-arterially, may promote sickling in individuals who are 
homozygous for sickle cell disease. 

Administration of radiopaque materials to patients known or suspected of — pheochromocytoma should be 
performed with extreme caution. If, in the opinion of the physician, the possible benefits of such procedures outweigh 
the considered risks, the procedures may be performed; however, the amount of radiopaque medium injected should 
be kept to an absolute minimum. The patient's blood pressure should be assessed throughout the procedure and 
measures for the treatment of hypertensive crisis should be readily available. 

Reports of thyroid storm following the use of iodinated, ionic radiopaque contrast media in patients with 
hyperthyroidism or with an autonomously functioning thyroid nodule suggest that this additional risk be evaluated in 
such patients before use of any contrast medium. 

Urography should be performed with caution in patients with severely impaired renal function and patients with 
combined renal and hepatic disease. 

PRECAUTIONS—General: Diagnostic procedures which involve the use of radiopaque diagnostic agents should 

be carried out under the direction of personnel with the prerequisite training and with a thorough knowledge of the 

particular procedure to be performed. Appropriate facilities should be available for coping with any complication of 

the procedure, as well as for emergency treatment of severe reactions to the contrast agent itself. After parenteral 

administration of a radiopaque agent, competent personnel and emergency facilities should be available for at least 

2 to N minutes, since severe delayed reactions have occurred (see ADVERSE REACTIONS: Intravascular— 
eneral). 

Preparatory dehydration is dangerous and may contribute to acute renal failure in patients with advanced vascular 
disease, in diabetic patients, and in susceptible nondiabetic patients (often elderly with — renal disease), 
intants, and small children. Dehydration in these patients seems to be enhanced by the osmotic diuretic action of 
urographic agents. It is believed that overnight fluid restriction prior to excretory urography generally does nol 
provide better visualization in normal patients. Patients should be well hydrated prior to and following administration 
of any contrast medium, including iohexol. 

Acute renal failure has been reported in diabetic patients with diabetic nephropathy and in susceptible nondiabetic 
patients (often elderly with preexisting renal disease) following excretory urography. Therefore, careful consideration 
of the potential risks should be given before performing this radiographic procedure in these patients. 

Immediately following surgery, excretory urography should be used with caution in renal transplant recipients. 

The possibility of a reaction, including serious, life-threatening, fatal, anaphylactoid or cardiovascular reactions 
should always be considered (see ADVERSE REACTIONS: Intravascular— General). It is of utmost importance that a 
course of action be carefully planned in advance for immediate treatment of serious reactions, and thal adequate and 
appropriate personnel be readily available in case of any reaction. 

The possibility of an idiosyncratic reaction in susceptible patients should always be considered (see ADVERSE 
REACTIONS: Intravascular—General). The susceptible population includes, but is not limited to, patients with a 
history of a previous reaction to contrast media, patients with a known sensitivity to iodine per se, and patients with a 
known Clinical hypersensitivity: bronchial asthma, hay fever, and food allergies. 

The occurrence of severe idiosyncratic reactions has prompted the use of several pretesting methods. However, 
pretesting cannot be relied upon to predict severe reactions and may itself be hazardous for the patient. It is suggested 
that a thorough medical history with emphasis on allergy and hypersensitivity, prior to the injection of any contrast 
media, may be more accurate than pretesting in predicting potential adverse reactions. 

A positive history of allergies or hypersensitivity does not arbitrarily contraindicale the use of a contrast agent 
where a diagnostic procedure is thought essential, but caution should be exercised (see ADVERSE REACTIONS: 
Intravascular— General). Premedication with antihistamines or corticosteroids to avoid or minimize possible allergic 
reactions in such patients should be considered and administered using separate syringes. Recent reports indicate 
that such pretreatment does not prevent serious, life-threatening reactions, but may reduce both their incidence and 
severity. 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or iothalamale-based ionic agents of 
comparable iodine concentration, the potential transitory increase in the circulatory osmotic load in patients with 
congestive heart failure requires caution durin injection. These patients should be observed for several hours 
following the procedure to detect delayed hendre disturbances. 

General anesthesia may be indicated in the performance of some procedures in selected adult patients; however, a 
higher incidence of adverse reactions has been reported in these patients and may be attributable to the inability of 
the patient to identity untoward symptoms, or to the hypotensive effect of anesthesia, which can reduce cardiac outpul 
and increase the duration of exposure to the contrast agent. 

Angiography should be avoided whenever possible in patients with homocystinuria, because of the risk of 
inducing thrombosis and embolism. 

In angiographic procedures, the possibility of dislodging plaques or damaging or perforating the vessel wall 
should be borne in mind during the catheter manipulations and contrast medium injection. Test injections to ensure 
proper catheter placement are recommended. 

lective coronary arteriography should be performed only in those patients in whom the expected benefits 
outweigh the potential risk. The inherent risks of angiocardiography in patients with chronic pulmonary emphysema 
must be weighed against the necessity for performing this procedure. 

When OMNIPAQUE is to be injected using plastic disposable syringes, the contrast medium should be drawn into 
the syringe and used immediately. 

If nondisposable equipment is used, scrupulous care should be taken to prevent residual contamination with 
traces of cleansing agents. 

Parenteral products should be inspected visually for particulate matter and discoloration prior to 
administration. If late matter or discoloration is present, do not use. 

Information for Patients: Patients receiving injectable radiopaque diagnostic agents should be instructed to: 

1. Inform your physician if you are pregnant. 

2. Inform your physician if you are diabetic or if you have multiple myeloma, pheochromocytoma, homozygous sickle 
cell disease, or known thyroid disorder (see WARNINGS— General). 

3. Inform your physician if you are allergic to any drugs, food, or if you had any reactions to previous injections of 
dyes used for x-ray procedures (see PRECAUTION General). 

4. Inform your physician about any other medications you are currently taking, including nonprescription drugs, 
before you are administered this drug. 

Drug/Laboratory Test Interaction: If iodine-containing isotopes are to be administered for the diagnosis of 

thyroid disease, the iodine-binding capacity of thyroid tissue may be reduced for up to 2 weeks after contrast medium 

administration. Thyroid function tests which do not depend on iodine estimation, eg. T. resin uptake or direct 
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thyroxine assays, are not affected. Many radiopaque contrast agents are incompatible in vitro with some anti- 
histamines and many other drugs; therefore, no other qe should be admixed with contras! agents. 
Carcinogenesis, Mutagenesis, Impairment of rtility: No long-term animal studies have been performed 
to evaluate carcinogenic pom mutagenesis, or whether OMNIPAQUE can affect fertility in men or women. 
Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with up to 100 times the 
recommended human dose. No evidence of impaired fertility or harm to the fetus has been demonstrated due to 
OMNIPAQUE. There are, however, no studies in pregnant women. Because animal reproduction studies are not always 
€ of human response, this drug should be used during pregnancy only if clearly needed. 2 
ursing Mothers: Il is not known to whal extent iohexol is excreted in human milk. However, many injectable 
contrast agents are excreted unchanged in human milk. Although it has not been established that serious adverse 
reactions occur in nursing infants, caution should be exercised when intravascular contrast media are administered 
d mecs "agii Bottle feedings may be substituted for breast feedings for 24 hours following administration of 
MNIPAQUE. 
Pediatric Use: Pediatric patients at higher risk of experiencing adverse events during contrast medium administra- 
tion may include those having asthma, a sensitivity to medication and/or allergens, congestive heart failure, a serum 
creatinine > 1.5 mg/dL, or those less than 12 months of age. 
ADVERSE R ONS 
intravascular—General: Adverse reactions following the use of OMNIPAQUE are usually mild to moderate in 
severity. However, serious, life-threatening, and fatal reactions, mostly of cardiovascular origin, have been associated 
with the administration of iodine-containing contrast media, including OMNIPAQUE. The injection of contrast media 
is frequently associated with the sensalion of warmth and pain, especially in peripheral angiography, pain and 
warmth are less frequent and less severe with OMNIPAQUE than with many contrast media. 
Cardiovascular System: Arrhythmias including PVCs and PACs (296), angina/ chest pain (1%), and hypotension 
(0.7%). Others including cardiac failure, asystole, bradycardia, tachycardia, and vasovagal reaction were reported 
with an individual incidence of 0.3% or less. In controlled clinical trials involving 1,485 patients, one fatality 
occurred. A cause and effect relationship between this death and iohexol has not been established. 
Nervous System: Vertigo {including dizziness and lightheadedness] (0.5%), pain (3%), vision abnormalities 
[including blurred vision and photomas} (2%), headache (2%), and taste perversion (1%). Others including anxiely, 
blurred vision, fever, motor and speech dysfunction, convulsion, paresthesia, somnolence, stiff neck, hemiparesis, 
syncope, shivering, transient ischemic attack, cerebral infarction, and nystagmus were reported, with an individual 
incidence of 0.3% or less. 
Respiratory System: Dyspnea, rhinitis, coughing, and laryngitis, with an individual incidence of 0.2% or less. 
Gastrointestinal System: Nausea (2%) and vomiting (0.7%). Others including diarrhea, dyspepsia, cramp, and 
dry mouth were reported, with an individual incidence of less than 0.1%. 
Skin and Appendages: Urticaria (0.3%), purpura (0.1%), abscess (0.1%), and pruritus (0.1%). 

individual adverse reactions which occurred to a significantly greater extent for a specific procedure are listed 
under that indication in full prescribing information. 

Pediatrics: In controlled clinical trials involving 391 patients for pediatric angiocardiography, Hy: and 
contrast-enhanced computed tomographic head imaging, adverse reactions following the use of OMNIPAQUE 240, 
OMNIPAQUE 300 and OMNIPAQUE 350 were generally less frequent than with adults. 

0 ieee System: Ventricular tachycardia (0.5%), 2:1 heart block (0.5%), hypertension (0.3%), and anemia 

Nervous System: Pain (0.8%), fever (0.5%), taste abnormality (0.5%), and convulsion (0.3%). 

Respiratory System: Congestion (0.3%) and apnea (0.3%). 

Gastrointestinal System: Nausea (1%), hypoglycemia (0.3%), and vomiting (2%). 

Skin and Aaaa Rash (0.3%). 

General Adverse Reactions to Contrast Media: Physicians should remain alert for the occurrence of adverse 
effects in addition to those discussed above. The following reactions have been reported after administration of other 
intravascular iodinated contrast media, and rarely with iohexol. Reactions due to technique: hematomas and 
ecchymoses. Hemodynamic reactions: vein cramp and thrombophlebitis following intravenous injection. Cardio- 
vascular reactions: rare cases of cardiac arrhythmias, reflex tachycardia, chest pain, cyanosis, hypertension, 
hypotension, peripheral vasodilatation, shock, and cardiac arrest. Renal reactions: occasionally, transient pro- 
teinuria, and rarely, oliguria or anuria. Allergic reactions: asthmatic attacks, nasal and conjunctival symptoms, 
dermal reactions such as urticaria with or without pruritus, as well as pleomorphic rashes, sneezing, and lacrimation, 
and rarely, anaphylactic reactions. Rare fatalities have occurred due to this or unknown causes. Signs and symptoms 
related to the respiratory system: pulmonary or laryngeal edema, bronchospasm, dyspnea; or fo the nervous system: 
restlessness, tremors, convulsions. Other reactions: flushing, pain, warmth, metallic taste, nausea, vomiting, anxiely, 
headache, confusion, pallor, weakness, sweating, localized areas of edema (especially facial cramps), neutropenia, 
and dizziness. Rarely, immediate or delayed rigors can occur, sometimes accompanied by hyperpyrexia. Infrequently, 
eroe rin gland swelling) from organic iodinated compounds appears 2 days after exposure and subsides 
si 1 

In general, the reactions which are known to occur upon parenteral administration of iodinated contrast agents are 
possible with any nonionic agent. Approximately 95% of adverse reactions accompanying the use of water-soluble 
intravascularly administered contrast agents are mild to moderate in degree. However, severe, life-threalenin 
anaphylactoid reactions, mostly of cardiovascular origin, have occurred. Reported incidences of death range from 6. 
per 1 million (0.00066%) to 1 in 10,000 (0.01%). Most deaths occur during injection or 5 to 10 minutes later, the main 
feature being cardiac arrest, with cardiovascular disease as the main aggravating factor. Isolated reports of 
hypotensive collapse and shock are found in the literature. The incidence of shock is estimated to be 1 out of 20,000 
(0.005%) patients. 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic reactions and idiosyncratic 
reactions. 

Chemotoxic reactions result from the physicochemical properties of the contrast media, the dose, and the speed of 
injection. All hemodynamic disturbances and injuries to organs or vessels perfused by the contrast medium are 
included in this calegory. 

idiosyncratic reactions include all other reactions. They occur more frequently in patients 20 to 40 years old. 
idiosyncratic reactions may or may not be dependent on the amount of dose injected, the speed of injection, and the 
radiographic procedure. Idiosyncratic reactions are subdivided into minor, intermediate, and severe. The minor 
eel are self-limited and of short duration; the severe reactions are life-threatening and treatment is urgent and 
mandatory. 

The reported incidence of adverse reactions to contrast media in patients with a history of allergy is twice that in 
the general population. Patients with a history of previous reactions to a contrast medium are three times more sus- 
ceptible = other patients. However, sensitivity to contrast media does not appear to increase with repeated 
examinations. 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start of injection, but 
delayed reactions may occur. 

Regardless of the contrast agent employed, the overall estimated incidence of serious adverse reactions is higher 
with angiocardiography than with other procedures. Cardiac decompensation, serious arrhythmias, angina pectoris, 
or myocardial ischemia or infarction may occur during angiocardiography and left ventriculography. Electrocar- 
diographic and hemodynamic abnormalities occur less frequently with OMNIPAQUE than with diatrizoate meglumine 
and diatrizoale sodium injection. 

CONSULT PACKAGE INSERT FOR A MORE DETAILED DISCUSSION OF ADVERSE REACTIONS FOR 

INTRAVASCULAR USE OF OMNIPAQUE. 

OVERDOSAGE: Overdosage may occur. The adverse effects of overdosage are life-threatening and affect mainly the 

pulmonary and cardiovascular systems. The symptoms include cyanosis, bradycardia, acidosis, — 

hemorrhage, convulsions, coma, and cardiac arrest. Treatment of an overdosage is directed toward the support of all 

vital functions and prompt institution of symptomatic therapy. 

».. m LDsp values of OMNIPAQUE (in grams of iodine per kilogram body weight) are 24.2 in mice and 
0 in rats. 

DOSAGE AND ADMINISTRATION: Details are provided in the package insert. 


References: 
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SYSTEMIC HYPERTENSION 


any Relation of Moderate Alcohol Consumption 


and Risk of Systemic Hypertension in Women 
Jacqueline C.M. Witteman, MS, Walter C. Willett, MD, Meir J. Stampfer, MD, 


Graham A. Colditz, MB, BS, Frans J. Kok, PhD, Frank M. Sacks, MD, Frank E. Speizer, MD, 
Bernard Rosner, PhD, and Charles H. Hennekens, MD 


MEM ok eS cesi iu i 
The relation between alcohol consumption and the 
risk of development of hypertension was studied 
among 58,218 US female registered nurses aged 
39 to 59 years who were free of diagnosed system- 
ic hypertension and other major diseases. In 1980, 
all of these women completed an independently 
validated dietary questionnaire, which included use 
of alcoholic beverages. During 4 years of follow-up, 
3,275 women reported an initial diagnosis of hy- 
pertension; validity of the self-report measure was 
demonstrated in a subsample. When compared to 
nondrinkers, women drinking 20 to 34 g of alcohol 
per day (about 2 or 3 drinks) had a significantly el- 
evated relative risk of 1.4; the 9596 confidence in- 
terval (CI) was 1.2 to 1.7 after adjustment for age 
and Quetelet's index. For women consuming >35 
g/day, the relative risk was 1.9 (9596 CI 1.6 to 
2.2). Adjustment for smoking and dietary variables 
did not alter these results. Independent significant 
associations were observed for the consumption of 
beer, wine and liquor. These prospective data sug- 
gest that alcohol intake of up to about 20 g/day 
does not increase the risk of hypertension among 
women, but beyond this level, the risk increases 
progressively. 

(Am J Cardiol 1990;65:633-637) 
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positive association between heavy alcohol con- 
A motos and elevated blood pressure has been 
Observed in several large observational studies.!- 
^ The effects of light and moderate drinking, however, 
are less clear. Among men, linear relations either with 
or without a low threshold level, are reported. 24.7 
Among women, U- and J-shaped curves are the domi- 
nant findings.^ ^? Most population studies, especially in 
women, are cross-sectional and few included informa- 
tion on other dietary variables that might account for 
the effects of alcohol.!?!! An acute pressor effect of al- 
cohol intake has been observed in short-term interven- 
tion studies,!?.? but it is not clear whether these effects 
are sustained. 
We prospectively examined the relation between al- 
cohol consumption and risk of hypertension among a 
large cohort of US women. 


METHODS 

Study protocol: The Nurses Health Study is a pro- 
spective investigation of determinants of major diseases 
among a cohort of female registered nurses from 11 
large states. In 1976, 121,700 women (approximately 
98% white), aged 30 to 55 years, completed mailed 
questionnaires that included items regarding risk factors 
for cardiovascular diseases and cancer as well as a vari- 
ety of other health conditions. Follow-up questionnaires 
are sent biennially to update information. 

Measurement of alcohol consumption: In 1980, 
the mailing included a semiquantitative food frequency 
questionnaire that contained 61 foods and beverages, in- 
cluding beer, wine and liquor.!^ For each item, partici- 
pants were asked about their average frequency of use 
over the last year. Nine possible responses were provid- 
ed, ranging from never to 26 times a day. The alcohol 
content was estimated as 13.2 gm for a bottle or can of 
beer (12 ounces), 10.8 gm for a glass of wine (4 ounces) 
and 15.1 gm for a drink of liquor (1.5 ounces).!? Total 
alcohol intake for each individual was computed as the 
sum of the contribution from beer, wine and liquor. Past 
alcohol users were defined as women who reported no 
alcohol intake during the previous year but recorded 
that intake of beer, wine or liquor had greatly decreased 
during the past 10 years. 

The validity of the questionnaire measure of alcohol 
was evaluated in a subsample of the participants.!? AI- 
cohol consumption calculated from the questionnair 
was highly correlated with intake estimated from? 
l-week dietary records (Spearman r = 0.90) and/ 
reproducible over a 1-year interval (Spearmdafiyr = 
0.90). The mean alcohol intake as assessed by. the diet 
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Cl = confidence interval; RR = relative risk. 


Alcohol Intake (g/day) 


0 


Age (yrs)! 
34—39 


40—49 


50-59 


QI (kg/m^'* 
<23 


23-28 


229 





* Chi values of test for trend; ! adjusted for age; * adjusted for age and Quetelet's index. 


Chi for trend* p Value 


1.4 1.9 
(1.6-2.2) 


* Chi values of test for linear trend; t adjusted for Quetelet's index; * adjusted for age; 95% confidence intervals in parentheses. 


records (9.0 g/day) was virtually identical to the value 
derived on the same participants from the question- 
naire.? Furthermore, alcohol assessment by question- 
naire was significantly correlated with plasma high- 
density lipoprotein cholesterol (Spearman r — 0.40), 
which is increased by alcohol intake.’ 

Diagnosis of hypertension: Blood pressure status 
was defined by self-reported responses to the question- 
naires. In 1976, participants were asked whether they 
have ever had a diagnosis of high blood pressure (ex- 
cluding during pregnancy). On subsequent question- 
naires we inquired whether subjects had been diagnosed 
as having high blood pressure during the previous 2 
years, and if so, the date of the diagnosis. 

The validity of self-reported diagnosis of high blood 
pressure was assessed in a separate study.'® Briefly, a 
random sample of 100 nurses reporting a diagnosis of 
high blood pressure on the 1982 questionnaire were con- 
tacted again in 1983 to obtain permission to review their 
medical record. Of 85 women who had reported elevat- 
ed blood pressure and responded to the validation ques- 
tionnaire, 1 denied having elevated blood pressure; the 
remainder confirmed their prior self-report and 62 gave 
written permission for review of their medical records. 
Records were obtained for 51 subjects. All had recorded 
values of blood pressure 7140/90 mm Hg and for 39 
women (77%), blood pressure was 7160/95 mm Hg. 
To investigate the likelihood of false-negative responses, 
blood pressure was measured in an age-stratified sample 
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of 194 nurses living in the greater Boston area. Among 
the 161 women without a previous self-report of high 
blood pressure, 7% had a blood pressure >140/90 mm 
Hg, but none had a blood pressure 2160/95 mm Hg. 
Thus, the self-reported diagnosis of elevated blood pres- 
sure appeared to be a valid measure in this population 
of registered nurses. 

Population for analysis: A total of 98,462 women 
returned the 1980 Nurses' Health Study diet question- 
naire. Participants with 10 or more blank food items or 
with an implausibly high or low total food score were 
excluded. In addition, we excluded women who reported 
one or more of the following diagnoses on the 1980 
questionnaire or any previous questionnaire: high blood 
pressure; myocardial infarction; angina pectoris; diabe- 
tes mellitus; and all cancers except nonmelanoma skin 
cancer. Participants indicating on the 1980 question- 
naire that they currently used antihypertensive medica- 
tion, were on a special diet or had been pregnant for at 
least 6 months since 1978 were also excluded. Thus the 
total number of participants excluded was 38,262 so 
that the baseline population of this study consisted of 
60,200 women. 

Follow-up questionnaires were sent in 1982 and 
1984 to all participants. Nonresponders to both follow- 
up questionnaires (n = 1,982) were excluded, leaving 
58,218 women for analysis. Cases of hypertension were 
defined as women who reported a diagnosis of hyperten- 
sion on the 1982 or 1984 questionnaire (n = 3,275). 
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Data analysis: We specified 5 categories of alcohol 
consumption, with cutpoints comparable to those in oth- 
er studies. Exposure status for all potential confounders 
was defined by responses to the 1980 questionnaire. 
Analyses were based on 4-year cumulative incidence 
rates of hypertension. Multiple logistic regression was 
used to control potential confounding effects, with the 
independent variables entered as categorical variables. 
Relative risks of hypertension with 95% confidence in- 
tervals (CI) were calculated by comparing each cate- 
gory of alcohol intake to the nondrinkers. Linear trends 
in risk were evaluated by entering ordered categorical 
variables using the median values of each category. Rel- 
ative risks were calculated within strata of age, Quete- 
lets index (kg/m?) and smoking, and combining the 
third and fourth category of alcohol consumption to ob- 
tain more stable estimates. The percentage of hyperten- 
sion incidence among exposed subjects attributable to 
alcohol consumption was calculated using the formula 
of attributable proportion.!’ 


RESULTS 

Nondrinkers comprised 30% of the study population; 
46% consumed 0.1 to 9 g of alcohol per day; 16% con- 
sumed 10 to 19 g, 5% consumed 20 to 34 g; and 4% 
consumed 235 g of alcohol per day. The mean daily 
intake of the highest intake category was 46 g of alco- 
hol. The 4-year cumulative incidence of hypertension 
rose progressively over 5-year age categories, from 2.8% 
for women aged 35 to 39 years to 8.9% for women aged 
55 to 59 years. 

When compared to nondrinkers, the age-adjusted 
risk of hypertension was slightly reduced among women 
with an intake <10 g of alcohol per day (Table I). The 
relative risk increased slightly for the 20 to 34 g/day 
category but increased sharply for consumption of 235 
g/day. After adjustment for Quetelet’s index, the rela- 
tive risks relating alcohol intake to hypertension in- 
creased due to a strong positive association of hyperten- 
sion with Quetelet’s index and an inverse association 
of Quetelet’s index with alcohol consumption. Among 
women who consumed 20 to 34 g of alcohol per day 
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(about 2 or 3 drinks), the adjusted relative risk of hy- 
pertension was 1.4 (95% CI 1.2-1.7); consumption of 
235 g of alcohol per day was associated with an adjust- 
ed relative risk of 1.9 (95% CI 1.6-2.2) (Table I). 
When the highest intake category was restricted to 
women consuming at least 50 g of alcohol per day (n = 
468), the relative risk of hypertension was 2.7 (95% CI 
2.0-3.5). The 4-year cumulative incidence of hyperten- 
sion by alcohol consumption level is shown in Figure 1. 

We then considered the possibility that other factors 
may confound the association between alcohol intake 
and blood pressure. In comparison to nondrinkers, the 
group of women with an intake of 210 g of alcohol per 
day had a higher caffeine intake (436 vs 369 mg/day) 
and a higher percentage of current smokers (39 vs 
23%), after adjustment for age. However, caffeine in- 
take and smoking were not significantly associated with 
hypertension and adjustment for these variables did not 
change the association of alcohol consumption with hy- 
pertension. We examined the effects of 31 nutrients, in- 
cluding calcium, potassium, magnesium, fiber and satu- 
rated and polyunsaturated fatty acids. None of these 
affected the relation between alcohol and hypertension 
when included in a logistic model. 

We compared the incidence of hypertension among 
past drinkers (n — 6,202) with the incidence among 
nondrinkers. The risk of hypertension among past 
drinkers was not significantly increased (relative risk — 
1.2; 95% CI 0.9 to 1.5), and exclusion of past drinkers 
did not alter the observed relative risks for drinkers 
compared to nondrinkers. 

The association between alcohol intake and hyper- 
tension was examined within specific age categories 
(Table II). The relation was significantly stronger 
among younger women, as indicated by a negative in- 
teraction term for age and alcohol intake when it was 
included in the logistic model (p = 0.004). Comparison 
of the risks of hypertension over strata of Quetelet's in- 
dex showed a weaker association among women with a 
high relative weight (Table IT). No differences in risks 
of hypertension were observed among smokers and non- 
smokers when examined separately. 


== adjusted for age and BMI 
—- adjusted for age 


FIGURE 1. Four-year cumulative inci- 
dence of hypertension by level of alcohol 

, standardized for age and 
Quetelet’s index to the distribution among 
nonsmokers. BMI = body mass index. 
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* Chi values of test for trend. 
t Model includes age, Quetelet's index, and intake of other alcoholic beverages. 
95% confidence interval in parentheses. 


We next calculated alcohol intakes from beer, wine 
and liquor separately. Wine was consumed by 58% of 
the population and liquor by 4696, while beer was con- 
sumed by only 24%. Since the consumption of beer, 
wine and liquor tended to be correlated, we investigated 
the independent effects of each of the beverages by en- 
tering them simultaneously in the logistic model. Each 
beverage was independently associated with the risk of 
hypertension; however, the effect of liquor was stronger 
than that of wine or beer (Table III). Nutrient intakes 
were slightly different for beer, wine and liquor drink- 
ers, but this did not explain the differences in risks of 
hypertension. 

We calculated that among women drinking >20 g of 
alcohol per day, 32% of the hypertension incidence was 
attributable to alcohol consumption (adjusted for age 
and Quetelet's index). 


DISCUSSION 

In this prospective study among women, 20 to 34 g 
of alcohol per day (about 2 or 3 drinks) was associated 
with a 40% increase in risk of hypertension compared 
with nondrinkers. For women consuming 235 g/day 
the risk was increased by 9096. These associations were 
independent of age, Quetelet's index, smoking and other 
dietary factors. 

In this study we relied on self-reported diagnosis of 
hypertension. Although a direct measurement is more 
objective, a high blood pressure level at a single sitting 
may not always represent hypertension due to the large 
within-person variability in measurements over time.!? 
The validity of the diagnosis of hypertension in this 
study is supported by several lines of evidence. First, 
the accuracy of self-reported hypertension was demon- 
strated in a subsample, reflecting a strong awareness of 
blood pressure status in this population of nurses.!^ Sec- 
ond, the trend in cumulative incidence of hypertension 
with age is comparable with other prospective data,!” 
and is consistent with a progressively increasing systolic 
blood pressure among women in this age range.” De- 
tection bias is likely to be minimal in this study since 
women who subsequently developed hypertension and 
those who remained normotensive had a similar fre- 
quency of doctor visits, as reported in the 1978 ques- 
tionnaire. Alcohol consumption assessed by our ques- 
tionnaire data was very similar to that measured on four 
]-week dietary records. Random measurement error, if 
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present in our study, is likely to have resulted in an un- 
derestimation of the strength of the association rather 
than having introduced the observed effects. The pres- 
ence of elevated blood pressure should not have influ- 
enced alcohol consumption or its reporting since intake 
was assessed before the diagnosis of hypertension. 

The findings of this study are supported by cross- 
sectional observations of elevated blood pressures in 
subjects with heavy alcohol consumption. ^ Few of 
these studies reported the effect of alcohol use on preva- 
lence of hypertension in women. In cross-sectional data 
from the Kaiser Permanente Study^ the prevalence of 
hypertension for women consuming 26 drinks/day was 
increased by 80%. However, only 3% of our highest con- 
sumption group (n = 61) reported such a high intake. 
In a cross-sectional study in France,? consumption of 3 
to 5 drinks/day was associated with a 70% increase in 
prevalence of hypertension among women. For women 
with lower alcohol intake levels ranging from 2 drinks/ 
week?^? to approximately 2 drinks/day,? a decrease in 
blood pressure has been reported. In our data, women 
drinking up to 9 g of alcohol per day had a slightly 
lower risk of hypertension, but this was of marginal sta- 
tistical significance. We did not confirm previous sug- 
gestions that the effects of alcohol on blood pressure are 
restricted to women above 45 or 50 years of age.?'?? In 
contrast, in our data the association was stronger for 
younger women. 

The independent effects of alcohol from beer, wine 
and liquor suggest that the observed associations are 
due to alcohol itself, rather than to other substances 
present in particular beverages. As reported by others! 
the effect was strongest for liquor consumption. We 
were not able to identify dietary factors or other factors 
to explain this difference. A causal interpretation of the 
association between alcohol intake and hypertension is 
supported by 2 recent intervention trials, demonstrating 
a direct effect of alcohol consumption on blood pres- 
sure.!9!! However, a biologic mechanism has not been 
established, and it is unclear whether these short-term 
increases are sustained. 

Our prospective findings suggest that consumption 
of up to about 20 g of alcohol per day does not increase 
the risk of hypertension among women. Higher con- 
sumption levels, however, were found to have a dose- 
related association with hypertension. Among women 
with an intake of 220 g/day, 32% of the hypertension 
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incidence was attributable to alcohol consumption. In 
these women, hypertension may potentially be prevent- 
ed or reversed by decreasing their alcohol intake. 
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CONGESTIVE HEART FAILURE 


Rest and Exercise Cardiovascular Effects 
of Terazosin in Congestive Heart Failure 


Raymond D. Magorien, MD, Sukirtharan Sinnathamby, MD, Carl V. Leier, MD, 
Harris Boudoulas, MD, and Donald V. Unverferth, MD 


This study investigated the acute effects of the a; 


antagonist terazosin on myocardial circulatory re- 
sponses at rest and during exercise. Ten patients 
with congestive heart failure (class Ill and IV) 
underwent hemodynamic evaluation before and af- 
ter a 5-mg oral dose of terazosin. At rest and dur- 
ing exercise, terazosin significantly decreased pul- 
monary capillary wedge pressure, systemic vascu- 
lar resistance and mean arterial pressure while 
cardiac index increased. Stroke volume index in- 
creased (p «0.01) during exercise while left ven- 
tricular stroke work index remained unchanged in 
both experimental conditions. Terazosin adminis- 
tration significantly decreased both rest and exer- 
cise myocardial oxygen consumption while exercise 
coronary sinus oxygen content increased and arte- 
rial-coronary sinus oxygen difference diminished (p 
« 0.05). Parallel with these changes, a blockade de- 
creased the ratio of coronary blood flow to total 
cardiac output. Coronary vascular resistance re- 
mained unaltered with o blockade both at rest and 
during exercise. Coronary blood flow tended to di- 
minish with decreased myocardial oxygen demand. 
Alpha; blockade induces systemic vasodilation and 
improves myocardial circulatory parameters with- 
out inducing coronary dilation or altering metabolic 
autoregulation. 

(Am J Cardiol 1990;65:638-643) 
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elevated norepinephrine levels, may serve as a 

major compensatory mechanism in congestive 
heart failure by enhancing contractility and maintaining 
systemic blood pressure. Excessive adrenergic tone, 
however, accompanied by an increase in preload and af- 
terload may be potentially deleterious to patients with 
myocardial decompensation.! Alpha;-adrenergic block- 
ade diminishes the potential detrimental effects of high 
adrenergic activity. Animal and human studies have 
demonstrated that indoramin and prazosin, both o, an- 
tagonists, acutely improve central hemodynamic param- 
eters?-6 with secondary augmentation of myocardial en- 
ergetics.° Terazosin, a quinazoline congener of prazo- 
sin,’ is an o, antagonist. Unlike prazosin, it has a 
saturated furan ring, which gives terazosin a more grad- 
ual and predictable response with higher obtainable 
plasma levels? Clinical investigations!!! demonstrate 
favorable alteration of systemic hemodynamics with this 
a blocker without the development of tolerance. The ef- 
fect of this drug on coronary hemodynamics at rest and 
during exercise in relation to systemic hemodynamics in 
man has not been evaluated. This study assesses the ef- 
fects of terazosin on myocardial circulatory responses at 
rest and during exercise in patients with congestive 
heart failure. 


A ugmented adrenergic activity, as manifested by 


METHODS 

Patient population: Ten patients (4 women, 6 men) 
with congestive heart failure (New York Heart Associa- 
tion class III and IV) were evaluated. Mean age of the 
population was 47 (+ 17) years old (range 27 to 75). 
Each patient underwent cardiac catheterization within 
2 months before the study. Patients with significant cor- 
onary disease (>50% stenosis), valvular heart disease, 
congenital heart disease, acute myocarditis, anemia, he- 
patic dysfunction or pregnancy were excluded. All pa- 
tients had primary myocardial disease with a left ven- 
tricular ejection fraction «0.40 (mean 0.29 + 0.12). 
The mean cardiac index was 2.5 + 0.7 liters/min/m? 
(range 1.5 to 3.4) with left ventricular end-diastolic 
pressures 213 mm Hg (range 14 to 45, mean 25 + 11). 
All patients continued to receive conventional cardiac 
medications, including digitalis and antiarrhythmics, 
throughout the study. Nitrates, diuretics and all vasodi- 
lators were discontinued 48 hours before the study. 

The protocol was approved by the Human Subjects 
Research Review Committee of The Ohio State Univer- 
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HR AP PCW 
(beats / min) (mm Hg) (mm Hg) 












At rest 






Mean 82 89 90 78 14 9 

SD 20 22 16 17 11 9 

P value NS «0.01 «0.01 
During exercise 

Mean 117 119 106 89 22 13 

SD 20 22 16 17 8 11 


P value NS 


AP — mean arterial pressure; C = control; CL = cardiac index; HR 
volume index; SVR = systemic vascular resistance; T — terazosin. 

















sity. Written informed consent was obtained before the 
study. 

Protocol: Before the study, a balloon-tipped, triple- 
lumen thermodilution catheter was placed via the right 
internal jugular vein into the pulmonary artery to mea- 
sure central hemodynamic variables. A thin-walled arte- 
rial sheath inserted in the radial artery was used to con- 
tinuously measure arterial blood pressure and provide a 
port for arterial blood samples. Under fluoroscopic con- 
trol, the coronary sinus was cannulated using a dual 
thermistor coronary sinus catheter (Wilton-Webster 
Laboratory) and positioned >2 cm from the ostium of 
the coronary sinus. Catheter position and stability were 
confirmed angiographically and by temperature assess- 
ment as previously described from our laboratory, !2 

All studies were performed in a postabsorptive state. 
Supine resting hemodynamic measurements included 
systemic, pulmonary arterial and pulmonary capillary 
pressures. Cardiac output and coronary blood flow mea- 
surements were obtained while samples of systemic ar- 
terial, mixed venous and coronary sinus blood were col- 
lected for oxygen determinations. Upon completion of 
resting measurements, supine bicycle ergometry was 
performed (100 to 200 kpm at 60 cycles/min) in a spe- 
cially designed exercise carriage with fluoroscopic moni- 
toring of catheter position at 2-minute intervals. The 
Stability of the catheter was confirmed with a radi- 
opaque marker. The reproducibility of repeated mea- 
surements of rest and exercise coronary blood flow us- 
ing the thermodilution technique has been previously re- 
ported by our laboratory.!? Hemodynamic and 
metabolic measurements were made during steady exer- 
cise between 2 and 10 minutes after onset of pedaling. 
After return to baseline hemodynamic values, terazosin 
was administered orally (5 mg) and repeat rest and ex- 
ercise measurements (performed at matched workload 
levels) were begun 2 hours later. 

Methods: Previously described techniques!^ were 
used to assess central hemodynamic variables (mean ar- 
terial pressure, pulmonary arterial and pulmonary capil- 
lary wedge pressures). Cardiac output (thermodilution 
technique?) was measured in triplicate with <10% vari- 
ation by a Gould SP 1435 computer and SP 2009 re- 


= heart rate; LVSWI = left ventricular Stroke work index; PCW = pulmonary capillary wedge pressure: SVI = stroke 
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(liters / min / SVI SVR LVSWI 
m?) (ml /m?) (dynes s cm-5) (g-m/m?) 
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1,768 1,284 38 37 
















0.7 0.8 12 12 750 521 13 13 
«0.01 NS «0.05 NS 

3.9 4.7 35 41 1,323 931 48 47 

1.0 1.3 13 12 596 432 14 11 





«0.001 NS 










corder. Coronary sinus blood flow measurements (ther- 
modilution technique! 7) were made with a 7Fr model 
CCS-7U-90B dual thermistor coronary sinus catheter 
interphased with a Wilton- Webster CBA-210 2-channel 
Whetstone bridge with self-contained solid state pream- 
plifiers. Simultaneous thermistor signals were tran- 
scribed by a multichannel Electronics for Medicine re- 
corder. Electrochemical technique was used to measure 
oxygen content (Lex-O»-Con, Lexington Instruments). 

Calculations: Central hemodynamic calculations! 
include cardiac index, stroke volume index, systemic 
vascular resistance and left ventricular stroke work in- 
dex. Coronary hemodynamic and myocardial metabolic 
determinations include coronary vascular resistance, ar- 
terial-coronary sinus oxygen difference, coronary sinus 
oxygen content and myocardial oxygen consumption us- 
ing formulas previously reported by our laboratory,!2 

Statistical evaluations include the Student ¢ test for 
paired data and regression analysis. Dispersion from the 
mean is expressed as standard deviation. A p value 
«0.05 is considered statistically significant. 


RESULTS 

Resting and exercise central hemodynamic 
changes: The mean central hemodynamic changes at 
rest and during exercise after terazosin administration 
are listed in Table I. Figure 1A illustrates the percent 
change of resting central hemodynamic parameters. 
Terazosin diminished pulmonary capillary wedge pres- 
sure and systemic vascular resistance with a concomi- 
tant decrease in arterial pressure. Cardiac index in- 
creased 20% while left ventricular stroke work index re- 
mained unaltered. 

Central hemodynamic variables during exercise are 
depicted in Table I and Figure 1B. Arterial pressure 
and pulmonary capillary wedge pressure both increased 
with exercise. Terazosin administration elicited a de- 
crease in exercise pulmonary capillary wedge pressure 
and arterial pressure. Systemic vascular resistance de- 
creased with exercise and was further decreased with a 
blockade. Following terazosin, exercise cardiac index in- 
creased 21% and stroke volume index increased. Left 
ventricular stroke work index remained unchanged. 
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CVR 
CSF (mm Hg/ AP-PCW 
(ml/min) (ml / min) (mm Hg) 





During exercise 
Mean 222 189 0.5 0.5 84 76 


SD 97 98 0.2 
P value NS NS 













AP — PCW = mean arterial pressure mi 
difference; C = control; CSF = coronary sinu 









Resting and exercise coronary blood flow and myo- 
cardial energetics: The mean coronary blood flow and 
myocardial energetics changes after terazosin therapy 
at rest and during exercise are listed in Table II. The 
percent changes of coronary blood flow and myocardial 


Percentage Changes 


HR LVSWI SVI 


SVR PCWP CI AP 


Percentage Changes 


SvR PCWP CI AP HR LVSWI SVI 





nus pulmonary capillary wedge pressure (rough estimation of coronary perfusion pressure); 
s blood flow; (CSF /CO)100 = the relative distribution of the total cardiac output to the coronary vascular bed; CSO = coronary sinus oxy- 


gen saturation; CVR = coronary vascular resistance, MVO = myocardial oxygen consumption; T = terazosin. 











MVO2 (CSF /CO) 


(A-CS)O2 
(ml/min) 100 


(ml/1) 











C 


113 105 77 82 13.5 10.5 3.4 
28 26 19 15 6.3 4.6 2.9 1.8 
NS «0.05 «0.05 


110 103 78 83 22.0 16.0 34 2.4 
29 50 14 14 7.7 5.3 1.9 1.7 
«0.05 «0.05 «0.05 «0.05 





(A-CS)O = aortocoronary sinus oxygen 


energetics at rest after terazosin administration are 
shown in Figure 2A. Terazosin diminished myocardial 
oxygen consumption. Coronary sinus flow diminished 
while coronary vascular resistance increased; neither 
change reached statistical significance. Although there 


FIGURE 1. Mean percent change of cen- 
tral hemodynamic parameters at rest (A) 
and with exercise (B) after terazosin 
administration. 





was a trend toward decreased arterial-coronary sinus 
oxygen difference and increased coronary sinus oxygen 
content, these changes were not significant. 

Exercise coronary flow values are shown in Table II 
and Figure 2B. Exercise elicited an increase in myocar- 
dial oxygen consumption, coronary perfusion pressure 
and coronary sinus flow. After terazosin, there was a 
decrease in exercise myocardial oxygen consumption 
and coronary perfusion pressure. In parallel with the de- 
crease in myocardial oxygen consumption, the relative 
distribution of total cardiac output to the coronary vas- 
cular bed decreased 25%. Coronary vascular resistance 
decreased with exercise but was unchanged with drug 
administration. After terazosin, exercise coronary sinus 
flow tended to diminish, the arterial-coronary sinus oxy- 
gen difference decreased and coronary sinus oxygen 
content increased. 


DISCUSSION 
Enhanced adrenergic activity plays a major role in 
modulating hemodynamic response in congestive heart 
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FIGURE 2. Mean percent change of coro- 
nary blood flow and myocardial energetics 
at rest (A) and with exercise (B) after 
terazosin administration. 
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failure. Vasoconstriction in these patients may poten- 
tially be deleterious. Alpha-agonist vasoconstriction is 
mediated through o, and o» receptors.!9-2! Alpha, re- 
ceptors are located throughout the systematic vascula- 
ture including epicardial coronary arteries. The exact 
location and functional significance of a> receptors is 
more controversial, with some studies indicating both 
pre- and postjunctional activity.!.20.2! 

Terazosin, a predominantly o, blocker, improved 
both resting and exercise hemodynamics. Arterial pres- 
sure, pulmonary capillary wedge pressures and systemic 
vascular resistance decreased, cardiac output increased 
and left ventricular stroke work index remained un- 
changed. These salutory effects are consistent with the 
observed peripheral circulatory changes. 

Terazosin did not induce coronary dilation. Coro- 
nary sinus flow showed a downward trend and coronary 
vascular resistance remained virtually unchanged, while 
actual myocardial metabolic demands as manifested 
by myocardial oxygen consumption dminished with o 
blockade. Coronary vascular resistance maintained a 
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modulating influence on coronary flow. An inverse cor- 
relation between coronary vascular resistance and coro- 
nary sinus flow was maintained at rest and during exer- 
cise (Figure 3). Terazosin asserts its influence predomi- 
nantly through a blockade; o» receptors therefore are 
left unaltered and consequently may have accounted for 
maintenance of coronary resistance. Although a, block- 
ade may decrease epicardial coronary vascular resis- 
tance, our technique measured total coronary resistance 
and thus may have been insensitive to modest changes 
in epicardial resistance. 

After terazosin, coronary sinus flow tended to de- 
crease and the relative distribution of the total cardiac 
output to the coronary vascular bed significantly dimin- 
ished. Metabolic autoregulation!?2? is the most plausi- 
ble explanation for this change in flow distribution. Al- 
pha, blockade elicited a greater decrease in systemic 
vascular resistance than coronary vascular resistance. 
This could potentially account for a shift of flow away 
from the myocardium and toward the systemic circula- 
tion. 

Myocardial energetics appeared to improve with ter- 
azosin. Coronary sinus oxygen content increased with 


20 40 


Percent Change of C.V.R. 


Percent Change of C.S.F. 


Percent Change of C.V.R. 





FIGURE 3. The linear inverse relation between coronary blood 
flow and coronary vascular resistance after terazosin adminis- 
tration at rest (A) and with exercise (B). 
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exercise while myocardial oxygen consumption de- 
creased. These myocardial changes are in accordance 
with significant peripheral circulatory changes. Previous 
studies by our group?? have shown that the vasodilator 
nifedipine induces dilation of both peripheral and coro- 
nary arteries. Nifedipine decreases both systemic and 
coronary vasculature resistance while increasing coro- 
nary sinus flow.??4 Myocardial energetics improved at 
rest and exercise with an increase in coronary sinus OXy- 
gen content and decrease in arterial-coronary sinus Oxy- 
gen difference while myocardial oxygen consumption 
remained unchanged. Terazosin demonstrated similar 
effects on peripheral hemodynamics, coronary sinus 
oxygen content and arterial-coronary sinus oxygen dif- 
ference. However, unlike the calcium antagonists, coro- 
nary vascular resistance was unchanged and coronary 
sinus flow tended to decrease with a significant decrease 
in myocardial oxygen consumption. This indicates that 
coronary autoregulatory mechanisms were intact after 
terazosin administration with coronary vascular resis- 
tance maintaining a modulating influence on coronary 
flow. 

The favorable hemodynamic and metabolic effects 
of terazosin were observed during acute drug testing. 
Whether these effects persist with long-term use will re- 
quire further assessment. In a small number of patients 
Leier et al!! demonstrated that long-term administra- 
tion resulted in prolonged improvement of some resting 
and exercise peripheral hemodynamic parameters with 
a concomitant increase in exercise duration. Further as- 
sessment in greater numbers of heart failure patients 
will be required to establish clinical efficacy. 
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Effects of Captopril Versus Milrinone Therapy 


in Modulating the 


Adrenergic Nervous System 


Response to Exercise in Congestive Heart Failure 


Ramón Corbalan, MD, Jorge Jalil, MD, Gastón Chamorro, MD, Pablo Casanegra, MD, 
and Paz Valenzuela, RN 


5: PSs E RE NINE eee eee a 
The potential adverse consequences of increased 
adrenergic nervous system activity in patients with 
heart failure are now recognized. Modulation of the 
plasma noradrenaline response to submaximal ex- 
ercise should be desirable. The long-term (9 weeks) 
effects of milrinone (10 mg 4 times a day) or capto- 
pril (BO mg 3 times a day) compared to placebo 
were evaluated in a double-blind crossover study, 
in 16 patients with stable, congestive heart failure 
receiving digoxin and furosemide. After treatment, 
clinical status (score range 0 to 14 points) im- 
proved significantly with both milrinone (4.4 + 0.5, 
p <0.01) and captopril (4.1 + 0.4, p <0.01). Plas- 
ma noradrenaline at rest was similar with both 
drugs and not significantly different from placebo. 
During submaximal exercise it increased signifi- 
cantly to 1,228 + 58 pg/ml with placebo and to 
1,295 + 174 pg/ml with milrinone; this response 
was reduced significantly with captopril, to 820 + 
100 pg/ml (p <0.01). Thus, long-term therapy with 
both captopril and milrinone improved the clinical 
score, but only captopril reduced the plasma nor- 
adrenaline response to submaximal exercise. These 
findings suggest that angiotensin-enzyme inhibition 
with captopril will modulate the adrenergic system 
response to daily activities in patients with chronic 
congestive heart failure and therefore could have 
additional salutary effects beyond vasodilatation. 
(Am J Cardiol 1990;65:644-649) 
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adrenergic nervous system activity that is related 

to the severity of the disease. It has been reported 
that patients with severe congestive heart failure have 
increased levels of plasma noradrenaline at rest that are 
inversely correlated with survival.! However, in less ad- 
vanced disease, these high levels of noradrenaline are 
not observed at rest but become evident at low levels of 
isotonic exercise. We have observed previously that 
plasma levels of noradrenaline, while similar at rest, 
were almost 2.5 times higher in compensated patients 
than in normal subjects at 6 minutes of exercise on a 
treadmill? The consequences of this abnormal exercise 
response on the clinical course, survival or progression 
of the disease in these patients are unknown; however, 
its modulation, by pharmacologic inhibition of plasma 
noradrenaline response to low levels of exercise, may be 
desirable. 

We compared the clinical effects of the new oral ino- 
trope milrinone to those of the angiotensin-converting 
enzyme inhibitor captopril in patients with chronic con- 
gestive heart failure. At the same time, we compared 
the effects of both drugs on noninvasive indexes of left 
ventricular function, and on the adrenergic response to 
mild exercise. We studied 16 patients with stable chron- 
ic congestive heart failure for a period of 20 weeks using 
a double-blind randomized crossover protocol. 


P atients with congestive heart failure have increased 


METHODS 

Patients: Sixteen patients, 12 men and 4 women, 46 
to 74 years of age, were studied. Ten patients had idio- 
pathic dilated cardiomyopathy and 6 had ischemic 
heart disease. All of them were in chronic congestive 
heart failure (New York Heart Association functional 
class III), received digitalis and diuretics and had been 
stable during the 3 months before the onset of the trial. 
Twelve patients were in sinus rhythm and 9 had left 
bundle branch block (Table I). Inclusion criteria were 
ejection fraction «0.40, cardiothoracic index ratio 
0.50 and ability to exercise for a minimum of 6 min- 
utes, according to a modified Naughton protocol.? 

Exclusion criteria: Exclusion criteria were a history 
of angina pectoris, recent myocardial infarction (S6 
months), symptomatic complex cardiac arrhythmia, low 
systolic blood pressure («90 mm Hg) or a concurrent 
systemic disease. All patients continued to receive digi- 
talis and diuretics and potassium supplement. Vasodila- 
tors were withheld at least 2 weeks before the study 
began. 










Age CS EF 
Etiology (points) (%) 












1 76 CAD Sinus 4 22 
2 74 CAD Sinus 5 17 
3 74 CAD AF 4 32 
4 68 CAD AF 8 21 
2. 63 CAD Sinus 5 19 
6 53 CAD Sinus 3 22 
7 66 IDC AF 7 17 
8 63 IDC Sinus 5 33 
9 63 IDC Sinus 5 34 
10 58 IDC AF 6 22 
11 57 IDC Sinus 4 16 
12 57 IDC Sinus 5 20 
13 57 IDC AF 9 12 
14 55 IDC Sinus 4 21 
15 52 IDC AF 5 23 
16 46 IDC Sinus 4 26 





Study design: The patients were Clinically evaluated 
and followed for a minimum of 6 weeks before starting 
the trial. The trial was divided into 2 phases. 

BASAL PHASE: This lasted 2 weeks. At this stage the 
patients underwent an evaluation that included clinical 
history, physical examination and the following labora- 
tory tests: red blood cell and platelet count, biochemical 
profile, urine test, serum glutamic piruvic transaminase, 
creatine phosphokinase, plasma electrolytes, creatinine 
and digoxin levels. The cardiovascular evaluation in- 
cluded electrocardiogram and clinica] score. This was 
determined according to symptoms (dyspnea, orthop- 
nea, edema), physical examination, cardiomegaly and 
signs of pulmonary congestion on the chest x-ray. The 
score ranged from 0 to 14 points and was modified from 
a scheme proposed by Lee et al.4 Chest X-rays with cal- 
culation of the cardiothoracic index ratio, pulmonary 
congestion grading and 24-hour Holter monitoring to 
assess ventricular arrhythmias also were used. Radionu- 
clide ejection fraction was measured at rest after the 
intravenous injection of a bolus of technetium-99m. 
Two graded exercise tests were performed on a tread- 
mill according to a modified Naughton protocol with a 
naximal duration of 8 minutes within a 7-day interval. 
3efore each test, blood samples were taken in the supine 
'osition from a brachial vein after a resting period of 1 
iour for determination of plasma levels of noradrena- 
ine and plasma renin activity. Samples were taken 
gain after 6 minutes of exercise. Plasma noradrenaline 
vas measured with a radioenzymatic technique (Cat-A- 

dt, Upjohn Laboratories) and plasma renin activity 
"th radioimmunoassay modified from Corbol and 
Tenard.?ó This method is controlled by the College of 
merican Pathologists (code 11042-01-01-01). Vari- 
bility not higher than 1096 between 2 consecutive tests 
etermined the criterion for stability of noradrenaline.? 
uring exercise, heart rate, blood pressure and oxygen 
sumption were monitored (MRM-1 Oxygen Con- 
imption Computer, Waters Instruments Inc.). During 
Xh weeks of the basal phase, the patients were main- 


TABLE I Clinical Characteristics of the Patients at the Beginning of the Study 






AF = atrial fibrillation; CAD = coronary artery disease; CS = clinical score: CTI = cardiothoracic index; EF = ejection fraction; IDC = 
ma noradrenaline at submaximal exercise; NADr = plasma noradrenaline at rest; PRAe = plasma renin activity at submaximal exer 






CTI NADr NADe PRAr PRAe 
(%) (pg/ml) (pg/ml) (ng/ml/hr) (ng/ml/hr) 
54 463 929 

62 437 1,174 

52 611 896 

64 592 2,156 

54 493 1,149 

52 293 1,845 

72 875 1,004 

53 254 1,198 

59 125 687 0.4 

67 454 1,013 0.4 

54 373 1,046 1.1 

61 319 778 0.4 

61 213 1,345 0.4 

58 190 829 0.9 

66 420 3,050 0.3 

58 257 553 1.6 2.1 





idiopathic dilated cardiomyopathy; NADe = plas- 
cise; PRAr = plasma renin activity at rest. 








tained on digitalis and diuretics, and received a capsule 
of placebo for milrinone every 6 hours, and a capsule of 
placebo for captopril every 8 hours. 

DRUG ADMINISTRATION PHASE: Once the basal phase 
was completed, patients were randomized in a double- 
blind manner to milrinone or captopril plus placebo for 
a period of 9 weeks. Patients were evaluated weekly, 
and exercise stress tests were performed every 3 weeks 
measuring the same parameters described for the basal 
phase. At the end of 9 weeks a complete clinical and 
laboratory evaluation was repeated and a washout peri- 
od of 2 weeks ensued. Then patients receiving milrinone 
were crossed over to captopril and vice versa for another 
period of 9 weeks (Figure 1). 

Milrinone and captopril dosage: During the first 
week patients treated with milrinone received 5 mg 4 
times a day and this was increased to 7.5 mg daily in 
the second week and to 10 mg thereafter. Captopril pa- 
tients received an initial dose of 12.5 mg 3 times a day 
and this was increased to 25 mg in the second week and 
to 50 mg in the third week. Before each dose increase, 
heart rate and blood pressure were monitored every 30 
minutes for 3 hours in the sitting and standing position. 
In case of hypotension (systolic blood pressure <90 mm 
Hg) or development of adverse side effects, the dose was 
reduced to the tolerated prior lower dose. In this way we 
were sure that each patient received the same dose of 
each drug for a minimum of 6 weeks and for a maxi- 
mum of 8 weeks before the fina] evaluation was per- 
formed (Figure 2). 

Data analysis: We used analysis of variance, which 
included repeated measurements in the same subject. 












MILRINONE MILRINONE 


BASAL WASH OUT FINAL 
(2w) AS. (2w) A o 


CAPTOPRIL CAPTOPRIL 
(9 W) (9W) 










FIGURE 1. The study protocol. 
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TABLE Il Clinical and Neurohormonal Results Comparing 
Placebo with Milrinone and Captopril 


Placebo Milrinone Captopril 













4.4 + 0.5* 4.1 x 0.4* 








2443 28 + 3* 29 + 3* 
PRA 1.6 x: 0.5 2.1104 5.3 x 1.5! 
NADr 398 + 47 583 + 92 422 + 59 
NADe 1,228 + 158 1,295 + 174 820 + 100! 










Data are mean + standard error of the mean. 
* p «0.01 vs placebo, ' p «0.01 vs milrinone and placebo. 
Abbreviations as in Table I. 


We considered data obtained at the end of the basal 
phase and at the end of each treatment period for the 
clinical score, ejection fraction and Holter monitoring. 
Data from changes in noradrenaline and plasma renin 
activity determined at rest and during exercise were in- 
cluded every 3 weeks. Data are presented as mean + 
standard error of the mean. 


RESULTS 

Clinical response to drugs: At the end of each treat- 
ment period there was a significant improvement in the 
clinical score with both drugs compared to the basal 
condition. Eleven of the 16 patients improved their clini- 
cal status after milrinone and 10 improved with capto- 
pril (Table II). Maximal doses of milrinone and capto- 
pril were well tolerated. Only 3 patients receiving mil- 
rinone had adverse side effects with the dose of 10 mg: 2 
patients complained of palpitations that coincided with 
exacerbation of nonsustained ventricular tachycardia on 
Holter monitoring, and 1 patient developed angina pec- 
toris with exercise. These adverse side effects disap- 
peared when milrinone was reduced to the dose of 7.5 










BASAL 
PLACEBOM + PLACEBO C 












MILRINON E PHASEI CAPTOPRIL 
5MG x4 12,5M6x3 
+PLACEBO C + PLACEBO M 
7,5 MGx 4 25M6x3 
+PLACEBO C «PLACEBO M 





10 MG x4 
+ PLACEBO C 


: 


PLACEBO C+ PLACEBO M 


50 MGx3 
+ PLACEBO M 


PHASE Il 
MILRINON E CAPTOPRIL 


FIGURE 2. Sequence of drug administration. 





646 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 










mg. Two patients developed fatigue and hypotension 
when they received captopril 50 mg 3 times a day that 
reversed when the dose was reduced to 25 mg 3 times a 
day. We did not observe gastrointestinal or neurologic 
disorders in relation to treatment nor did we find alter- 
ations in the hepatic or renal function tests or in platelet 
counts. 

Noninvasive indexes of left ventricular function: 
Mean rest radionuclide ejection fraction improved sig- 
nificantly with both drugs, from 24 + 3 to 28 + 3% 
with milrinone and to 29 + 3% with captopril (p <0.01, 
Table II). Twelve patients treated with milrinone and 
12 treated with captopril improved their ejection frac- 
tion. The mean cardiothoracic index ratio did not 
change after drugs. 

Exercise test: Resting heart rate did not change af- 
ter milrinone, but decreased significantly after capto- 
pril, from 68 + 14 to 61 x 10 beats/min (p «0.05). 
Heart rate at 8 minutes of exercise did not change with 
either drug. There were no significant changes in resting 
or exercise arterial blood pressure after drugs. Basal 
oxygen consumption was 3.1 + 1 ml/kg/min at rest and 
increased to 8.9 + 3.2 ml/kg/min at 8 minutes of exer- 
cise. Oxygen consumption at rest and at 8 minutes of 
exercise did not change with milrinone or captopril. 

Holter monitoring: There were no significant 
changes in the frequency and severity of ventricular ar- 
rhythmias during each treatment period. However, 2 
patients treated with milrinone complained of palpita- 
tions and developed nonsustained ventricular tachycar- 
dia while receiving the maximal dose of the drug. This 
arrhythmia reversed with reduct:on of the dose of mil- 
rinone. At entry 7 patients had nonsustained ventricular 
tachycardia, 4 had complex ventricular arrhythmias 
and 5 had simple ventricular ectopic beats. At the end 
of each treatment period, 5 patients had nonsustained 
ventricular tachycardia, 2 had complex ventricular ec- 
topic activity and 7 had simple ventricular ectopic activ- 
ity. 

Hormonal changes: Plasma noradrenaline levels at 
rest did not change after drugs. Noradrenaline levels at 
6 minutes of exercise increased significantly and at 





E: 


REST 


A 


EXERCISE 


FIGURE 3. Changes in plasma concentration of noradrenaline 
(pg/ml) at rest and during light exercise during the study. 





comparable levels during the basal phase and after mil- 
rinone therapy (1,228 + 158 and 1,295 + 174 pg/ml, 
respectively). However, the increase in noradrenaline 
levels with exercise was significantly lower after capto- 
pril therapy (820 + 100 pg/ml, p <0.01, Figure 3). 
When we analyzed changes in noradrenaline levels dur- 
ing the 9 weeks of therapy, we found that the reduction 
in noradrenaline increment with exercise in the capto- 
pril period was already evident at the end of the third 
week of therapy (Figure 4). At the beginning of the 
study mean plasma renin activity was 1.6 + 0.5 mg/ 
ml/hour at rest and it did not change with exercise. 
Mean plasma renin activity increased significantly at 
rest and during exercise after captopril therapy, while it 
did not change after milrinone (Figure 5). Levels of 
plasma renin activity were significantly higher at the 
end of the third week of captopril therapy and de- 
creased slightly thereafter (Figure 6). 


DISCUSSION 

In the present study we compared the clinical and 
neurohormonal response of patients with congestive 
heart failure to the administration of milrinone and cap- 
topril using a randomized double-blind crossover proto- 
col. We administered these drugs to patients with stable 
congestive heart failure receiving digitalis and diuretics. 
First we evaluated the clinical response to therapy with 
a graded clinical score comprising changes in symp- 
toms, physical examination and chest x-rays.^ Both mil- 
rinone and captopril proved to be effective in improving 
the clinical condition by reducing the clinical score in 
most patients. Moreover, a low incidence of adverse side 
effects was detected and these were promptly reversed 
when the dosage of drugs was readjusted. We also eval- 
uated the changes in radionuclide left ventricular ejec- 
tion fraction at rest, and these were determined at entry 
and at the end of each treatment period. Again we 
found that both milrinone and captopril were equally 
effective and that these drugs increased left ventricular 
ejection fraction significantly. In patients with a de- 
pressed left ventricular ejection fraction, an increase of 
4 to 5% represents a significant improvement in global 
left ventricular function. Since milrinone has been 


NAD pg/ml 


EXERCISE 


BASAL 


FIGURE 4. Reduction of plasma concentration of noradrena- 
line (NAD, pg/ml) measured at a low level of exercise during 
captopril therapy. 
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shown to have positive inotropic properties in patients 
with congestive heart failure, a change of this magni- 
tude in left ventricular ejection fraction might be ex- 
pected.’ In addition it has been reported that milrinone 
improves left ventricular diastolic relaxation, which is 
altered in patients with heart failure.’ This effect could 
also contribute to improved left ventricular ejection 
fraction. With regard to captopril the increase in left 
ventricular ejection fraction could result from its previ- 
ously demonstrated effect of reducing preload and after- 
load of the heart in patients with congestive heart fail- 
ure.? However, a direct effect of captopril on myocardi- 
al contractility cannot be discarded and the presence of 
the renin-angiotensin system in the heart is being inves- 
tigated.!? 

Our findings are in agreement with those of other 
investigators who have evaluated these drugs separately 
and have reported a similar improvement in left ventric- 
ular ejection fraction.!!-!^ Le Jemtel et al!? compared 
the hemodynamic effects of milrinone and captopril and 
found that both drugs increased cardiac index and 
stroke volume and reduced capillary wedge pressure in 
a series of patients with congestive heart failure who 
were in a similar condition to those in our study. Both 
captopril and milrinone prolong exercise duration when 
compared to placebo in patients with congestive heart 
failure.!^!6 Since our study design involved repeated ex- 
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FIGURE 5. Changes in plasma renin activity (PRA, ng/ml/ 
hour) at rest and during light exercise during the study. 
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FIGURE 6. Plasma renin activity (PRA, ng/ml/hour) during 
light exercise during captopril therapy. 
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ercise testing, we decided to use only a light exercise 
stress test every 3 weeks. Patients were then exercised 
up to 8 minutes and to a comparable level of oxygen 
consumption increment (8 to 9 ml/kg/min). With this 
method we have found that patients with stable heart 
failure increased noradrenaline plasma levels by 3-fold 
in comparison to their resting levels. In contrast, normal 
subjects who had similar noradrenaline levels at rest to 
those of heart failure patients increased noradrenaline 
only by 50% at 6 minutes of exercise.” This low level of 
exercise is comparable to ordinary everyday activities. 
This manifestation of increased sympathetic activity in 
patients with congestive heart failure could reflect a 
compensatory mechanism to redistribute a low cardiac 
output in the presence of depressed left ventricular func- 
tion. We have hypothesized, therefore, that for a thera- 
peutic intervention to be effective in the long-term, it 
should decrease this exaggerated neurohormonal re- 
sponse of patients with congestive heart failure. This hy- 
pothesis should be tested in future studies. In this regard 
milrinone and captopril proved to be different when pa- 
tients with congestive heart failure were stressed using a 
light exercise protocol. While milrinone did not modify 
noradrenaline plasma levels, these were significantly re- 
duced during captopril therapy. This difference could be 
explained on the basis of the distinctive pharmacologic 
properties of the drugs tested. It has been demonstrated 
that besides its positive inotropic properties, milrinone 
has a nonspecific vasodilatory effect, which could stimu- 
late a reflex sympathetic response. It has been previous- 
ly shown during therapy with other vasodilators such as 
prazosin that patients with congestive heart failure con- 
tinue to exhibit high plasma levels of noradrenaline dur- 
ing exercise.'!’ The same explanation could be valid for 
milrinone although this drug improved the clinical con- 
dition and left ventricular ejection fraction of patients 
with congestive heart failure. 

It has also been shown that angiotensin-converting 
enzyme inhibitors, such as captopril, decrease angioten- 
sin plasma levels of patients with congestive heart fail- 
ure, through the inhibition of renin conversion to angio- 
tensin.? This hormone stimulates the secretion of 
catecholamines. Moreover, captopril improves left ven- 
tricular function through a reduction in pre- and after- 
load of the failing heart. The combination of these he- 
modynamic and hormonal effects could contribute to 
explain the reduction in the neuroadrenergic response to 
light exercise in patients with congestive heart failure. 
Cleland et al!8 and Cody et al!? reported a reduction of 
resting noradrenaline plasma levels in congestive heart 
failure patients who were treated with captopril. More- 
over, Mettauer et al^? compared prasozin and captopril 
and also found that resting plasma levels of noradrena- 
line increased after prasozin and decreased after capto- 
pril. 
It has been recently shown with direct sympathetic 
neural recording that digitalis induces sympathetic ner- 
vous system inhibition besides exerting its inotropic 
properties in patients with congestive heart failure.?! In 
our patients the adrenergic response at entry did not 
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appear to be modified by digitalis since most of them 
were receiving the drug. However, digitalis could have 
had an influence on the low resting heart rate observed 
in our patients, besides the effect of quiet and prolonged 
resting. It would be interesting to know if the noradren- 
aline increase with exercise is modified by digitalis in 
these patients. 

The importance of neurohormonal activation of pa- 
tients with congestive heart failure has been recently re- 
viewed.?? Available data suggest that increased sympa- 
thetic activity might be potentially deleterious in the 
long-term outcome of patients with congestive heart 
failure. Cohn et al! have shown that patients with the 
most deteriorated left ventricular function and highest 
resting plasma levels of noradrenaline had short life ex- 
pectancy. Such patients usually have a great reduction 
in regional blood flow and exhibit advanced grades of 
ventricular ectopic activity. Our population was some- 
what different since noradrenaline resting plasma levels 
were within the normal range and patients were in sta- 
ble condition. However, they had evidence of exagger- 
ated noradrenergic response with a low level of exercise 
that was significantly reduced by captopril. Future stud- 
ies are necessary to elucidate if this modulation of the 
adrenergic responses to a light level of exercise explains 
the sustained therapeutic effects and better prognosis by 
using converting-enzyme inhibitors in patients with 
chronic congestive heart failure.!?-!^ 

Amelioration of symptoms in patients with conges- 
tive heart failure has been observed with different 
drugs, with different neurohormonal effects, that have 
been compared with captopril.? This was the case in 
our study, which compared milrinone and captopril. 
Both drugs were effective in improving the clinical con- 
ditions of the patients. It remains to be established 
whether milrinone has a sustained therapeutic effect 
and if it contributes to prolonged life expectancy in pa- 
tients with congestive heart failure. 

Resting and exercise plasma renin activity were nor- 
mal in our patients, and both increased after captopril 
therapy but were not modified after milrinone. Other 
investigators have previously reported good clinical re- 
sponse to captopril in patients with low or normal levels 
of plasma renin activity.???* Our findings are in agree- 
ment with those of Packer et al,” who found that pa- 
tients with congestive heart failure who increase plasma 
renin activity after captopril therapy show a better clini- 
cal response to therapy with this drug. 

Milrinone and captopril therapies were associated 
with a low incidence of adverse side effects. Two pa- 
tients developed symptoms attributed to nonsustained 
ventricular tachycardia with the maximal dose of mil- 
rinone. Other investigators have reported an aggrava- 
tion of ventricular arrhythmias during milrinone thera- 
py.79?/ These observations have raised fears regarding 
its prognostic significance. However, in our study the 
symptoms of arrhythmia reversed when the dose of mil- 
rinone was readjusted. Captopril was associated with 
hypotension in 2 patients with the maximal dose that 
reversed promptly when the dose was readjusted. 
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Percutaneous Balloon Mitral Valvuloplasty 
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Se WRN Dstt a er I E SIME 
A new technique was developed for percutaneous 
mitral valve balloon valvuloplasty, using a retro- 
grade approach to the left atrium via the left ventri- 
cle. A newly designed externally steerable guiding 
catheter is used for the introduction of 1 or 2 
guidewires to the left atrium and the balloon cathe- 
ters are advanced along these guidewires into the 
mitral orifice. The technique was used successfully 
in 10 adult patients with rheumatic mitral stenosis. 
After the procedure there was a significant reduc- 
tion in mitral valve pressure gradient and an in- 
crease in the mitral valve area in all cases. There 
were no serious complications during or after the 
procedure. This technique should prove to be a use- 
ful nonsurgical treatment for mitral stenosis and 
could provide an alternative to the transseptal 
method. 

(Am J Cardiol 1990;65:650-654) 
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significant contribution to the nonsurgical treat- 
ment of mitral valve stenosis.' !? Various tech- 
niques have been described, involving variations in the 
method of approaching the stenotic valve and in the 
kinds of balloon used. However, all the well-estab- 
lished methods involve puncture of the atrial septum, 
which occasionally leads to complications.??.! 1! 
Previous studies in our laboratory have shown that 
externally steerable catheters may be introduced easily 
and safely into the ascending aorta and left ventricle,!^ 
and then retrogradely into the left atrium, even in pa- 
tients with mitral stenosis (C. Stefanadis et al, unpub- 
lished observations). We describe how such a catheter 
was used for the balloon mitral valvuloplasty. This 
method was tested in 10 patients with rheumatic mitral 
valve stenosis. 


P ercutaneous balloon valvuloplasty has made a 


METHODS 

Design and construction of the catheter system: 
The steerable guiding catheter has a 9Fr diameter, is 
110 cm long and has a soft tip. The proximal end is 
connected to a system with 2 hemostatic valves (Duo- 
stat®, Advanced Cardiovascular System Inc.) (Figure 
1A). A 0.012-inch Teflon-coated stainless steel wire 
with a soft, flexible tip (the steering arm) passes 
through 1 of these valves and along the inside of the 
catheter, emerges 6 cm from the distal end and is fas- 
tened to the catheter wall 1.5 cm from the tip (Figure 
1B, C, D). The proximal end of the steering arm is at- 
tached to a plastic rod. The other hemostatic valve is 
used for the introduction of a guidewire, which is insert- 
ed through the guiding catheter to the left atrium. 

Catheterization technique: The steerable guiding 
catheter is introduced through a sheath to the right 
femoral artery and then, with the aid of a 0.038-inch 
guidewire, via the aorta to the left ventricle. The patient 
receives heparin (100 U/kg) and the steering arm is 
retracted, causing the catheter tip to bend into an arc of 
approximately 160°, and is fixed in position by tighten- 
ing the hemostatic valve. The catheter is carefully rotat- 
ed counterclockwise and retracted slightly, which brings 
the tip to a position below the mitral valve (Figure 2) as 
shown by the left and right anterior oblique projections. 

A 0.025-inch J guidewire is inserted through the 
guiding catheter until it emerges from the tip. With 
careful manipulation of its distal end and, when neces- 
sary, minor adjustments to the steering arm of the guid- 
ing catheter, it is then advanced into the left atrium 
(Figure 3). The guiding catheter is withdrawn slightly 
and fixed in its final position, with its tip in the mitral 


Cardiac O/P 





(liters / min) 
NYHA Cardiac 
FC 
1 31,F IV Sinus 63 39 2.9 3.6 
2 40, M lil AF 50 45 3.8 4.6 
3 46, F IH AF 42 37 3.4 3.1 
4 51,M II AF 61 45 3 5.2 
5 52, F Il AF 56 26 4.8 5.0 
6 56, M I AF 67 54 3.2 4.6 
7 57, F I AF 30 18 4.2 4.5 
8 60, F I AF 23 22 3.6 4 
9 62, F Il AF 52 40 3.8 4.8 
10 67,F I AF 45 34 4.5 5.5 
Mean 52 49 36 3.7 4.6 
X SEM +3 £5 +4 +0.2 +0.2 


MV gradient MV area 


Balloon 
Size (mm) 


38 18 39v - 2 0.7 ki 0 l 25 

23 20 16 8 0.8 1.3 1 l 25 

18 10 13 5 0.8 1.5 0 0 25 

32 19 23 7 0.7 2 0 1 15 + 20 
30 13 14 6 1.3 1.6 1 1 25 

40 15 27 5 0.6 2.4 0 0 18 + 20 
17 8 10 3 1.4 1.7 0 0 25 

17 15 13 7 1.2 1.6 O 0 25 

27 12 21 6 0.8 2:9 0 0 15 + 20 
38 16 25 4 0.8 2.6 l 1 18 + 20 
28 15 19 6 0.9 1.9 0.3 0.5 
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AF = atrial fibrilation; Cardiac O/P = cardiac output; MR = mitral regurgitation; MV = mitral valve; NS = not significant; NYHA FC = New York Heart Association functional class; PAP 
= mean pulmonary artery pressure; PCWP = mean pulmonary capillary wedge pressure; Pre and Post = before and after mitral valve balloon valvuloplasty, respectively; SEM = 


standard error of the mean. 





valve orifice. The guidewire is removed and replaced 
with a stiffer guidewire for valvuloplasty (0.038-inch J, 
Cook heavy duty), 2.6 m in length (Figure 4), which is 
introduced into the left atrial cavity and either advanced 
into the first part of a pulmonary vein or left in a curve 
within the atrial cavity. The guiding catheter is then 
removed, leaving the guidewire in the selected position 
in the left atrium (Figure 5). The femoral artery sheath 
is replaced with a 12 or 14Fr sheath and a balloon cath- 
eter is introduced along the guidewire until the balloon 
reaches the mitral anulus (Figure 6). 

When the double balloon technique is used, the same 
maneuvers are repeated through the left femoral artery 
(Figure 7). 

Clinical test: We tested this technique in 10 patients 
(3 men, 7 women) aged 31 to 67 years (mean 52 + 3). 
The criteria for inclusion were rheumatic mitral stenosis 
of medium or severe degree, with no or mild valve insuf- 
ficiency, established by clinical and laboratory examina- 
tions (echocardiogram, Doppler), and absence of throm- 
bi in the left atrium, checked echocardiographically. 
Mitral valve gradient, mitral valve area and degree of 
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FIGURE 1. The proximal (A) and distal (B, C,D) ends of the 
guiding catheter (GC). After retraction of the steering arm 
(SA) and tightening of the hemostatic valve (V), the catheter 
tip changes its configuration from straight to sharply curved 
(R = rotator). 
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mitral valve regurgitation were evaluated by echocar- 
diographic examination (2-dimensional and Doppler 
echocardiography), on the day preceding valvuloplasty 
and 24 hours after the procedure.5 All patients gave 
informed consent to the procedure. Cardiac surgery 
standby was available in every instance. 
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FIGURE 2. Placement of the guiding catheter (GC) below the 
mitral valve (MV). A and B, anterior oblique views. LA = left 
atrium. Other abbreviations as in Figure 1. 
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FIGURE 3. Introduction of the 0.025-inch guidewire (GW) to 
the atrial cavity (LA). Right anterior oblique view. Other 
abbreviations as in Figure 1. 





E 
rr S 









Thirty minutes before valvuloplasty, the patients 
were given diazepam, 10 mg intramuscularly. After lo- 
cal anesthesia with a 1% lidocaine solution, a 7Fr sheath 
was inserted into the right femoral vein, an indwelling 
18-gauge Teflon catheter was placed percutaneously in 
the left femoral artery for the monitoring of systemic 
blood pressure and a 9Fr sheath was inserted into the 
right femoral artery. Right-sided cardiac catheteriza- 
tion was used to determine pulmonary artery and pul- 
monary capillary pressures, and the cardiac output was 
evaluated using the thermodilution method. A pigtail 
catheter was introduced to the left ventricle via the right 
femoral artery and the ventricular pressure and the 
pressure gradient between the pulmonary capillaries 
and the left ventricle were measured. Also, left ventric- 
ulography was performed in the right anterior oblique 
projection. The mitral valve area was calculated using 
the Gorlin formula. A Swan Ganz electrode catheter 
was introduced, to be used for emergency cardiac pac- 
ing if necessary. 

The balloon catheters (Mansfield) were introduced 
to the mitral valve as previously described (Figures 6 
and 7). Single-balloon valvuloplasty was performed in 6 
patients and double-balloon valvuloplasty in 4 (Table I). 
After the introduction of the balloon catheter(s) and 
placement across the mitral valve, the ensuing dilating 
procedure was performed according to the standard 
steps, as described previously (Figures 6 and 7).?-? The 
arterial pressure and heart rhythm of the patients were 
recorded continuously throughout the procedure. 





FIGURE 4. The 0.038-inch guidewire (GW) is introduced into 
the left atrial cavity. Right anterior oblique view. Other 
abbreviations as in Figure 1. 








FIGURE 5. Configuration of the 0.038-inch guidewire (GW) 
after placement in the left atrium (LA) and removal of the 
guiding catheter in 2 patients. Either the tip of the GW is with- 
in the first part of a pulmonary vein (a) or the wire forms a 
coil within the atrium (b). Right anterior oblique view. 
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The balloon catheter was then removed and an 8Fr 
pigtail catheter was introduced into the left ventricle. 
Pressures were measured and a second left ventriculog- 
raphy was performed. After about 15 minutes a second 
right-sided cardiac catheterization was performed and 
pressures (pulmonary artery, capillary wedge and mitral 
valve gradient) and cardiac output were measured. 

The patients were kept under observation in the cor- 
onary intensive care unit for 3 hours before the sheaths 
were removed. Hemostasis was achieved using local 
pressure. 


RESULTS 

The procedure was completed without technical dif- 
ficulties in all the patients, including 1 (no. 2 in Table I) 
who had severe calcification of the mitral valve. Fluor- 
oscopy showed no displacement of the balloon during 
inflation in any case. 





is introduced along the guidewire and placed within the mitral 
valve (arrow). b, the inflated balloon, showing a waist from 
the stenotic mitral valve (arrow). c, the absence of a waist on 
the inflated balloon (arrow) after several inflations 

indicates satisfactory opening of the valve. 
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FIGURE 7. Right anterior oblique view. 
Series of radiographic frames showing dou- 
ble-balloon mitral valvuloplasty retrogradely. 
a and b, introduction of the second guidewire 
(GW[2]) via the left femoral artery into the left 
atrium; c and d, the inflated balloons with 
(arrow) and without a waist from the mitral 
valve. GC = guiding catheter; GWs = guiding 
wires. 


Hemodynamic and other data from the patients be- 
fore and after valvuloplasty are listed in Table I. The 
mitral valve gradient measured by Doppler echocardi- 
ography was not different from those obtained by he- 
modynamics (before 18 + 2 vs 19 + 2 mm Hg, and 
after valvuloplasty, 6 + 2 vs 6 + 1 mm Hg). Also, the 
mitral valve area measured echocardiographically was 
not different from those obtained by hemodynamics 
(before, 0.9 + 0.2 vs 0.9 + 0.1 cm?, and after valvulo- 
plasty, 2 + 0.2 vs 1.9 + 0.2 cm?). During balloon infla- 
tion there was a transient decrease in arterial pressure 
and a small number of extrasystoles were observed. 

No complications were observed during the proce- 
dure, except for a mild transient atrioventricular con- 
duction disturbance, which appeared in 1 patient (no. 1 
in Table I) during balloon inflation, and which disap- 
peared quickly without medication. One day after the 
procedure, 1 patient (no. 5 in Table I) showed hemato- 
ma in the region of the right femoral artery, which dis- 
appeared without affecting the circulation in the vessel. 
In no case was there any significant change in the de- 
gree of the mitral regurgitation (Table I). 

The total duration of the procedure never exceeded 
47 minutes, from the introduction of the first arterial 
sheath to the successful completion of valvuloplasty and 
removal of the balloon catheter(s). The introduction of 
the zatheter to the left atrium was performed by 2 dif- 
ferent operators (6 and 4 cases, respectively). 


DISCUSSION 

Percutaneous mitral valvuloplasty is a recognized 
and accepted method for the treatment of mitral steno- 
sis. ^ Since 1984, when the method was first de- 
scribed,! many studies have demonstrated its immedi- 
ate^^5^5 and long-term??? benefits. Despite techno- 
logical improvements in the dilation systems,'? the 
necessary transseptal approach to the left atrium!-? re- 
quires considerable experience and sometimes leads to 
the persistence of some degree of atrial shunt.27.11-13 

Balloon mitral valvuloplasty via retrograde left atrial 
catheterization has been reported using a preshaped 





catheter.!6.!" However, it is not known in what propor- 
tion of cases such a catheter may successfully be insert- 
ed into the atrium. Also, a preshaped catheter might 
pass between the chordae tendineae or papillary mus- 


cles, resulting in damage to the subvalvular system. 


The results of the present study show that percuta- 
neous mitral valvuloplasty is feasible without a transsep- 
tal approach to the valve, even in cases with severe cal- 
cification of the valve. Indeed, although we have tried 
the technique with only a small number of patients so 
far, we have succeeded in approaching the valve at ev- 
ery attempt. Also, in contrast to the traditional tech- 
niques, our method presented no problems relating to 
the stable placement of the guidewire or the balloon 


catheter. 


Definite conclusions as to the complications involved 
in the new procedure must await its application to large 
series of patients. However, it seems reasonable to as- 
sume that the incidence of serious complications will be 
limited, since puncturing and dilation of the atrial sep- 
tum are avoided. As the guiding catheter tip and the 
external part of the steering arm are soft, and the re- 


configuration of the catheter tip occurs within the ven- 
tricular cavity, before its approach to the mitral valve, 


damage to the subvalvular apparatus or trabeculae is 


unlikely. 
Although only 1 of our patients had limited hemato- 
ma in the right femoral artery, which disappeared with- 


out consequences, one might expect that a percentage of 
more serious problems resulting from the distension of 


the femoral artery might occur in extended series of pa- 
tients, although these problems should diminish with the 
development of smaller profile balloon catheters that re- 
quire smaller arterial sheaths. 
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CONGENITAL HEART DISEASE 


Ventricular Arrhythmias in Postoperative 
Tetralogy of Fallot 


Jay S. Chandar, MD, MRCP, Grace S. Wolff, MD, Arthur Garson Jr., MD, Timothy J. Bell, MD, 
Stanley D. Beder, MD, Margreet Bink-Boelkens, MD, Craig J. Byrum, MD, 
Robert M. Campbell, MD, Barbara J. Deal, MD, Macdonald Dick Il, MD, Celia J. Flinn, MD, 
Winston E. Gaum, MD, Paul C. Gillette, MD, Allan J. Hordof, MD, John D. Kugler, MD, 
Co-burn J. Porter, MD, and Edward P. Walsh, MD 


Ventricular arrhythmias in patients after total 
surgical repair of tetralogy of Fallot have been 
associated with late sudden death. In this large 
multicenter retrospective study of 359 patients 
with postoperative tetralogy of Fallot, spontaneous 
ventricular premature complexes (VPCs) on 24- 
hour ambulatory electrocardiographic monitoring 
and laboratory-induced ventricular tachycardia 
(VT) by electrophysiologic stimulation were ana- 
lyzed. The mean age at surgical repair was 5 years 
and the mean follow-up duration after repair was 7 
years. Spontaneous VPCs on ambulatory monitor- 
ing were found in 4896 and induced VT on electro- 
physiologic stimulation was found in 1796 of pa- 
tients. Both spontaneous VPCs and induced VT 
were significantly related to delayed age at repair, 
longer follow-up interval, symptoms of syncope or 
presyncope and right ventricular systolic hyperten- 
sion (>60 mm Hg) (p <0.05), but not to right ven- 
tricular diastolic pressure »8 mm Hg. The VPCs on 
ambulatory monitoring were more complex with in- 
creasing age at repair and follow-up duration. In- 
duction of VT on electrophysiologic stimulation cor- 
related with spontaneous VPCs including VT on 
24-hour ambulatory electrocardiographic monitor- 
ing. The electrophysiologic stimulation protocol 
varied and the induction of VT increased with a 
more aggressive stimulation protocol. While in- 
duced sustained monomorphic VT was related to all 
forms of spontaneous VPCs, induced nonsustained 
polymorphic VT was related to more complex 
forms of VPCs on ambulatory monitoring. VT was 
not induced in asymptomatic patients who had nor- 
mal 24-hour ambulatory electrocardiographic mon- 
itoring and normal right ventricular systolic pres- 
sure. Late sudden death occurred in 5 patients, 
most of whom had spontaneous VPCs on ambulato- 
ry monitoring and right ventricular diastolic pres- 
sure >8 mm Hg, but none had induced VT with a 
nonaggressive electrophysiologic protocol. 

(Am J Cardiol 1990;65:655-661) 


proved duration and quality of life. The 10-year 

survival rate is >90%.!.2 However, sudden death 
is a well-recognized late event with a reported incidence 
as high as 4.695.'-* Late sudden death is attributed to 
various cardiac arrhythmias including progressive con- 
duction disturbance with late complete heart block,?.^6 
sinus node dysfunction? and ventricular premature com- 
plexes (VPCs).5-15 These reports focus on VPCs as the 
primary etiology of late sudden death. Older age at sur- 
gical repair, longer interval after repair and poor right 
ventricular hemodynamic status are considered addi- 
tional risk factors for late sudden death.!6-!8 Induction 
of ventricular tachycardia (VT ) by electrophysiologic 
stimulation has been associated with spontaneous VPCs 
in children with postoperative tetralogy of Fallot.4:!5.16.19 
This large multicenter retrospective study in patients 
with postoperative tetralogy of Fallot had 2 purposes: to 
analyze and relate spontaneous VPCs to laboratory-in- 
duced VT on electrophysiologic stimulation, and to in- 
vestigate the prognostic significance of these factors to 
sudden death. 


S urgical repair of tetralogy of Fallot results in im- 


METHODS 

Fifteen centers participated in this collaborative 
study. We included 359 patients who had surgical re- 
pair before 20 years of age. All patients had an electro- 
physiologic study that included programmed stimula- 
tion at the right ventricular outflow or apex. Stimula- 
tion protocol varied among the centers and included 
single, double or triple extrastimuli and burst pacing. 

Data collection: The following were recorded in the 
359 patients and analyzed: age at surgical repair, age at 


From the University of Miami, Miami, Florida; Baylor College of 
Medicine, Houston, Texas; Case Western Reserve University, Cleve- 
land, Ohio; University of Groningen, Groningen, The Netherlands; 
SUNY Health Science Center, Syracuse, New York; Vanderbilt Uni- 
versity, Nashville, Tennessee; University of Illinois College of Medicine, 
Chicago, Illinois; University of Michigan, Ann Arbor, Michigan; Arizo- 
na Pediatric Heart Specialists, Phoenix, Arizona: Children's Hospital, 
Cincinnati, Ohio; Medical University of South Carolina, Charleston, 
South Carolina; Columbia University, New York, New York; Universi- 
ty of Nebraska, Omaha, Nebraska; Mayo Clinic, Rochester, Minneso- 
ta; and Harvard Medical School, Boston, Massachusetts. This study 
was supported in part by an Investigatorship Award, American Heart 
Association, Broward County Chapter, Inc., Florida. Manuscript re- 
ceived June 26, 1989; revised manuscript received and accepted Octo- 
ber 30, 1989, 

Address for reprints: Jay S. Chandar, MD, MRCP, University of 
Miami School of Medicine, Division of Pediatric Cardiology, PO Box 
016960 (R-76), Miami, Florida 33101. 


THE AMERICAN JOURNAL OF CARDIOLOGY MARCH 1, 1990 655 















TABLE I Patient Profile 


Category 







Syncope 34 
Presyncope 19 
None 270 
Nonspecific 


Symptoms 












Asymptomatic 270 75 







RV hemo- SP>60;DP>8 47 SP »60 Io 724 
dynamic SP»60;DP«8 29 
status SP «60; DP >8 111 DP >8 158 44 
(mm Hg) SP «60; DP«8 170 


No study 2 Normal 










24-hour VT 32 Complex 77: ah 
ambulatory CP/MVPC 45 
monitoring 


UVPC»10/hr 32 
UVPC «10/hr 


Simple Sy 27 


Normal Normal 129 36 


No study 
EPS-induced All VT 
VT 












SusVT 33 9 
NsusMVT 24 7 
NsusPVT 











* More than 1 form of tachycardia was induced in some patients. 
CP = couplet; DP = diastolic pressure; EPS = electrophysiologic study; MVPC = 
multiform VPC; NsusMVT = nonsustained monomorphic VT; NsusPVT = nonsus- 
tained polymorphic VT; RV = right ventricle; SP = systolic pressure; SusVT = sus- 
tained VT; UVPC = uniform VPC; VPC = ventricular premature complex; VT = 
ventricular tachycardia. 


electrophysiologic study, follow-up interval (time from 
surgical repair to electrophysiologic study), symptoms 
of syncope or presyncope, right ventricular systolic and 
diastolic pressures on hemodynamic study, spontane- 
ous VPCs on 24-hour ambulatory electrocardiographic 
monitoring and induced VT on electrophysiologic stim- 
ulation. 

Patient population: The age at surgical repair 
ranged from 1 to 19 years (mean 4.7 + 3.3), the age at 
electrophysiologic study ranged from 2 to 35 years 
(mean 12 + 7) and the follow-up interval from 0.1 to 28 
years (mean 6.9 + 5.3). Symptoms of syncope or pre- 
syncope were present in 15%, right ventricular systolic 






Repair age yrs.: 
# of Pts: 62 46 4 64 97 . 11 
100 


80 
40 7 
20 F 






% OF PATIENTS 






0 
Follow-up 45 6-15 »16 45 6-15 >16 
y" AGE GROUPS 
Cardioscan Arrhythmia: EN COMPLEX 
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45 6-15 »16 


SIMPLE 





hypertension in 21%, diastolic hypertension in 44%, 
VPCs on 24-hour ambulatory electrocardiographic 
monitoring in 4896 and induced VT on electrophysiolog- 
ic stimulation in 17% of patients (Table I). 

Definitions: On 24-hour ambulatory electrocardio- 
graphic monitoring, the complex group included multi- 
form VPCs, couplets or VT, the simple group refers to 
uniform VPCs and the normal group refers to the ab- 
sence of VPC. VT on ambulatory monitoring or in- 
duced VT on electrophysiologic stimulation was defined 
as 73 successive VPCs. Induced sustained VT was de- 
fined as VT persisting for >30 seconds or requiring ter- 
mination by electrical stimulation. Nonsustained VT 
was defined as VT of >3 VPCs and terminating sponta- 
neously within 30 seconds. Right ventricular systolic hy- 
pertension was defined as pressure >60 mm Hg and 
diastolic hypertension as 28 mm Hg. 

Statistical analysis: The data were analyzed by the 
IBM-compatible Statpac statistical program. Relations 
between numerical variables were analyzed by the Stu- 
dent t test. Comparisons between variables distributed 
into categories were made by chi-square analysis. Sta- 
tistical significance was inferred if p was «0.05. VPCs 
on monitoring and VT induced on electrophysiologic 
stimulation were also related to other categories by step- 
wise logistic regression analysis using the BMD/PLR 
computer program. 


RESULTS 

Symptoms: The patients with symptoms of syncope 
or presyncope (15%) were grouped together and com- 
pared to those with no symptoms (75%) (Table I). Pa- 
tients with nonspecific symptoms (i.e., chest pain, dizzi- 
ness etc.) were not included in the analysis. The mean 
age at repair was 6.4 + 4.5 years in the symptomatic 
group compared to 4.1 + 2.7 years in the asymptomatic 
group (p <0.01). Similarly, mean follow-up interval (10 
+ 5.9 vs 6 + 4.7 years, p <0.01) was higher in the 
symptomatic group. Symptoms of syncope or presynco- 
pe did not relate to right ventricular hemodynamic sta- 
tus. 

Right ventricular hemodynamic status: The patients 
with systolic (21%) or diastolic hypertension (44%) were 
compared to those with normal pressures (4790) (Table 










FIGURE 1. Age at repair is divided into 3 
age groups, and in each of these groups, 
follow-up interval is divided into 3 groups. 
Cardioscan = 24-hour ambulatory electro- 
cardiographic monitoring. 






TABLE Il Ventricular Arrhythmia on 24-Hour Ambulatory Electrocardiographic Monitoring 


















p Value 
All VPC Complex Simple Normal 
(n = 174) (n = 77) (n = 97) (n = 129) All VPC / Complex / Complex / Simple / 
Category No. (95) No. (96) No. (96) No. (95) Normal Simple Normal Normal 












Age at repair (yrs) 5.9 + 4.0 6.8: 4.5 5.2: 3.4 3.7 42.0 <0.001 0.011 <0.001 <0.001 





















<0.001* 
Age at EPS (yrs) 14.7 71 17.3174 1276.2 9.01 5.2 «0.001 «0.001 «0.001 «0.001 
Follow-up interval (yrs) 8.8t5.3 10.5157 7.54.6 9.4 X 4.6 «0.001 * «0.001 «0.001 0.001 
Symptoms (n = 269) 
Syn/Presyn (n = 50) 37 (74) 22 (44) 15 (30) 13 (26) 0.002 0.006 «0.001 0.179 
20.05* 
Normal (n = 219) 110 (50) 37 (17) 73 (33) 109 (50) 
RV pressure (mm Hg) (n = 301) 
SP >60 (n = 65) 45 (69) 19 (29) 26 (40) 20 (31) 0.037 0.723 0.051 0.079 
>0.05* 
DP >8 (n = 133) 80 (60) 37 (28) 43 (32) 53 (40) 0.412 0.356 0.147 0.603 
SP >60; DP >8 (n = 157) 95 (61) 45 (29) 50 (32) 62 (39) 0.264 0.269 0.100 0.604 
Normal (n = 144) 77 (54) 30 (21) 47 (33) 67 (46) 











* p value on stepwise logistic regression analysis. 


Complex = couplet or multiform VPC: simple = uniform VPC: syn/presyn = syncope or presyncope; other abbreviations as in Table |. 





I). The mean age at repair was higher (5.8 + 3.1 years) syncope and VPCs on 24-hour ambulatory electrocar- 
in patients with Systolic hypertension compared to those diographic monitoring (p «0.01). Right ventricular 
with normal pressures (4.3 + 3.3 years) (p <0.01). Dia- systolic hypertension (p <0.05), but not diastolic hyper- 
stolic hypertension did not relate to age at repair. tension, was frequently found in patients with induced 
Ventricular premature complexes on 24-hour VT. With stepwise logistic regression analysis, delayed 
monitoring: VPCs on 24-hour ambulatory electrocar- age at repair, symptoms of Syncope or presyncope 
diographic monitoring were present in 48%; they were and VPCs on 24-hour ambulatory electrocardiographic 
complex in 2196 and simple in 27% of patients (Table I). monitoring were related to VT induction (p <0.05). 
Age at surgical repair, follow-up interval and symptoms Follow-up interval and right ventricular systolic hyper- 
of syncope or presyncope were greater in patients with tension were not related. 
VPCs compared to those with normal ambulatory mon- Induced VT (all VT combined) (Table III) did not 
itoring results (p <0.01) (Table II). Right ventricular differ in patients with complex (34%) or simple (2296) 
systolic hypertension was more frequent in patients with VPCs on 24-hour ambulatory electrocardiographic 
VPCs (p «0.05), but right ventricular diastolic hyper- monitoring (p = 0.07), but induction was increased in 
tension was not related. Stepwise logistic regression both complex and simple groups when compared to 
analysis related delayed age at repair and increased fol- — those with normal recordings (9%) (p <0.01). The fre- 
low-up interval to VPCs on 24-hour ambulatory electro- quency of VT induction (all VT combined) in patients 
cardiographic monitoring (p «0.01), while symptoms of with various VPCs on ambulatory monitoring is shown 
Syncope or presyncope and right ventricular systolic hy- in Figure 3. This frequency was similar in patients with 
pertension were not related to VPCs on 24-hour ambu- uniform VPCs or couplets and multiform VPCs (19 to 
latory electrocardiographic monitoring. 24%), and was increased to 47% in patients with VT on 
Complex VPCs on ambulatory monitoring were 24-hour ambulatory electrocardiographic monitoring. 
more common with later age at repair and increased Significantly, no VT was induced in asymptomatic pa- 
follow-up interval (Figure 1). The age atsurgicalrepair tients who had normal 24-hour ambulatory electrocar- 
was delayed, the follow-up interval was longer and the diographic monitoring (no VPC) and normal right ven- 
symptoms of syncope or presyncope were greater in pa- tricular Systolic pressure. 
tients with complex VPCs on 24-hour ambulatory elec- Sustained ventricular tachycardia: Sustained VT 
trocardiographic monitoring compared to those with was induced in 33 patients (9%) (Table I). The relation 
simple VPCs or no VPC on monitoring (p $0.01) (Ta- of induced sustained VT to various categories—delayed 
ble II). Similarly, the age at surgical repair and follow- age at repair, longer follow-up interval, symptoms of 
up interval were greater in patients with simple VPCs Syncope or presyncope, right ventricular Systolic hyper- 
compared to those with normal 24-hour ambulatory tension and VPCs on ambulatory monitoring— was sim- 
electrocardiographic monitoring (p «0.01). Right ven-  ilar to that for combined VT (p «0.05) (Table III). The 
tricular hemodynamic status did not relate to complexi- induction of sustained VT did not differ in patients with 
ty of VPCs on ambulatory monitoring. complex (2090) or simple VPCs (11%) on 24-hour am- 
Induced ventricular tachycardias at electrophysio- bulatory electrocardiographic monitoring (p = 0.1), but 
logic study: Sustained or nonsustained VT (all VT com- was higher in both complex and simple groups com- 
bined) was induced in 60 patients (1796) (Table I). In- pared to patients with normal recordings (4%) (p 
duced VT (all VT combined) (Table III) was sig- « 0.05). 
nificantly related to delayed age at repair, increased fol- Nonsustained ventricular tachycardias: Nonsus- 
low-up interval (Figure 2), symptoms of syncope or pre- tained monomorphic VT was induced in 24 (7%) and 
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«0.001 
«0.001 
«0.001 
«0.001 
0.039 
0.208 
«0.001 
0.074 
«0.001 
0.005 













SP »60/normal 
DP »8/normal 
All VPC / normal 
Complex/ simple 
Complex / normal 
Simple / normal 











422130 

1102 6.3 

6.44.9 
29 (55) 
247 (92) 
57 (75) 
127 (80) 
152 (81) 
146 (86) 
127 (73) 
51 (66) 
76 (78) 
118 (92) 

test: other abbreviations as in Tables | and II. 


univariate analysis by Student's t or chi-square 










Induced Ventricular Tachycardias in 359 Patients and Significance 


6.8 + 4.0 

170279 
97 r6. 
24 (45) 
23 (9) 
19 (25) 
31 (20) 
35 (19) 
24 (14) 
n = 303) 
47 (27) 
26 (34) 
21 (22) 
11 (9) 
stepwise logistic regression analysis; Uni 


357) 


) 
53) 
97) 


Normal (n = 129) 


323) 


(n = 270) 
RV pressure (mm Hg) (n 


(n = 187) 


Normal (n = 170) 
24-hour ambulatory monitoring ( 


Syn/presyn (n 
Asymptomatic 

SP >60 (n = 76) 

DP >8 (n = 158) 

SP »60; DP >8 

All VPC (n = 174) 
Complex VPC (n = 77) 
Simple VPC (n 


TABLE Ill Electrophysiologic- 
Log reg 


Age at repair (yrs) 
Age at EPS (yrs) 
Follow-up interval (yrs 
Symptoms (n 








nonsustained polymorphic VT in 8 (2%) patients. The 
induction of nonsustained VT was related to delayed 
age at repair, increased follow-up interval, symptoms of 
syncope and presyncope, and VPCs on ambulatory 
monitoring (p <0.05) (Table IIT). Induction of nonsus- 
tained VT did not relate to right ventricular systolic or 
diastolic hypertension. 

The induction of nonsustained monomorphic VT 
was increased in patients with complex or simple VPCs 
on 24-hour ambulatory electrocardiographic monitoring 
(10%) compared to those with normal monitoring (5%). 
The induction of nonsustained polymorphic VT was 
particularly related to complex VPCs on 24-hour ambu- 
latory electrocardiographic monitoring. Six of 8 patients 
with induced nonsustained polymorphic VT had com- 
plex VPCs on 24-hour ambulatory electrocardiographic 
monitoring; however, the small number in this group 
precludes strong conclusions. 

Electrophysiologic stimulation protocols: The stim- 
ulation protocol varied among different centers. Stimu- 
lation was performed in the right ventricular apex in 
358 patients (99%) and right ventricular outflow in 196 
patients (55%). Single extrastimulation (SiS), in apex 
or outflow, was performed in 356 (99%), double ex- 
trastimuli (S,;S2 S3) in 272 (76%), triple extrastimuli 
(S\S2S3S4) in 54 (15%) and burst pacing in 246 (69%) 
patients. VT was induced in 60 patients (17%): in 48 
(13%) on apex stimulation and in 15 (8%) on outflow 
stimulation. S|S2 induced VT in 12 (3%), S;S2S3 in 34 
(13%), S1S2S3 S4 in 8 (15%) and burst pacing in 18 
(7%) patients. 

The stimulation protocols were comparable in pa- 
tients with VT or complex VPCs, simple VPCs or 
no VPCs on 24-hour ambulatory electrocardiographic 
monitoring (Table IV). VT (all VT combined) was in- 
duced in 58 of 303 patients who had 24-hour ambulato- 
ry electrocardiographic monitoring. (There were 2 addi- 
tional patients with induced VT who did not have moni- 
toring.) In patients with VT on 24-hour ambulatory 
electrocardiographic monitoring, S;S; induced VT in 
3%, S,S;S; in 28%, S,S;S5S, in 33% and burst pacing 
in 30%. Aggressive stimulation also increased the fre- 
quency of induction of VT in patients with simple VPCs 
or no VPC on ambulatory monitoring, but to a lesser 
degree. 

Sudden death: Seven patients died of cardiac causes; 
] patient died of chronic heart failure with no arrhyth- 
mia and 1 during a repeat surgical procedure. Five pa- 
tients (1.4%) died suddenly. In these 5 patients, the age 
at surgical repair ranged from 1 to 7 years, and the age 
of death ranged from 12 to 22 years. VT in 1 and ven- 
tricular fibrillation in another patient were documented 
at death. Retrospective review of 24-hour ambulatory 
electrocardiographic monitoring showed VT in 1, cou- 
plets in 2 and uniform VPCs in 1 patient. Right ventric- 
ular diastolic pressure was 28 mm Hg in 4 and right 
ventricular systolic pressure was >60 mm Hg in 2 pa- 
tients. During electrophysiologic study, VT was not in- 
duced in any of these patients, but the stimulation pro- 
tocol included double extrastimuli in only 2 and none 
had triple extrastimuli. 








TABLE IV Electrophysiologic Stimulation Protocols in 303 Patients: Spontaneous and Induced Ventricular Arrhythmias 
Induced VT 


Stimulation 
Protocol / 
Monitoring 


Complex VPCs (n = 77) 
VT (n = 32) 
Single 
Double 
Triple 
Burst 
CP/MVPC (n = 45) 
Single 
Double 
Triple 
Burst 


Attempted 
No. (%) 


31 (97) 
29 (91) 

6 (19) 
20 (63) 


44 (98) 
36 (80) 
3 (7) 
35 (78) 


Simple VPCs (n = 97) 
UPVC »10/hr (n = 32) 
Single 
Double 
Triple 
Burst 
UPVC «10/hr (n = 65) 
Single 
Double 
Triple 
Burst 


32 (100) 

28 (88) 
4 (13) 

22 (69) 


65 (100) 
56 (86) 
12 (18) 
55 (85) 


All VT 
No. (96) 


NsusMVT 
No. (96) 


NsusPVT 
No. (96) 


15 (20) 
9 (28) 
O (0) 
4 (14) 
2 (33) 
4 (20) 
6 (13) 
0 (0) 
3 (8) 
1 (33) 
3 (9) 


8 (10) 
5 (16) 
1 (3) 
3 (10) 
1 (17) 
1 (5) 
3 (7) 
0 (0) 
1 (3) 
1 (33) 
2 (6) 


11 (11) 
4 (13) 
0 (0) 
3 (11) 
1 (25) 
1 (5) 
7 (11) 
2 (3) 
2 (4) 
0 (0) 
5 (9) 


10 (10) 
2 (6) 
0 (0) 
2 (7) 
0 (0) 
0 (0) 
8 (12) 
4«(6) 
3 (5) 
1 (8) 
2 (4) 





Normal monitoring (n = 129) 11 (9) 5 (4) 6 (5) 1 (1) 
Single 129 (100) 4 (3) 2 (2) 2 (2) 0 (0) 
Double 83 (64) 8 (10) 3 (4) 4 (5) 1 (1) 
Triple 19 (15) 2 (11) 1 (5) 1 (5) O (0) 
Burst 80 (62) 0 (0) O (0) 0 (0) O (0) 


Burst = burst pacing; other abbreviations as in Tables |, Il, and Ill. 


DISCUSSION 

In this collaborative study of 359 patients with surgi- 
cally repaired tetralogy of Fallot, we have identified sig- 
nificant relations between VPCs on 24-hour ambulatory 
electrocardiographic monitoring and delayed age at re- 
pair, longer time interval after repair, symptoms of syn- 
cope or presyncope and right ventricular systolic hyper- 
tension. Induction of VT by electrophysiologic stimula- 
tion correlated with spontaneous VPCs on 24-hour 
ambulatory electrocardiographic monitoring. Sudden 
death was a rare event. Prognostic indicators for sudden 
death could not be determined by statistical analysis. 
Nevertheless, there were important features common to 
the patients who died, namely, VPCs on ambulatory 
monitoring and right ventricular diastolic hypertension. 

Right ventricular hemodynamic status: Several in- 
vestigators consider the association of right ventricular 
systolic or diastolic hypertension and VPCs as a signifi- 
cant risk factor for sudden death.?.10.16.1720 This associa- 
tion, however, was not found in reports by Tamer et al?! 
and Friedli et al.° In this study, right ventricular systolic 
hypertension was related to VPCs on 24-hour ambula- 
tory electrocardiographic monitoring and induced sus- 
tained VT on electrophysiologic study, but was not sig- 
nificant on stepwise logistic regression analysis. Dia- 
stolic hypertension was not significant by statistical 
analysis, but was frequently found in patients with sud- 
den death. 


Ventricular arrhythmias on 24-hour ambulatory 
electrocardiographic monitoring: Several investigators 
have associated VPCs during electrocardiographic mon- 
itoring with late sudden death in patients after repair of 
tetralogy of Fallot.5-? VPCs of variable severity were 
found in 20 to 40% of patients with postoperative tetral- 
ogy of Fallot by 24-hour ambulatory electrocardio- 
graphic monitoring.?!?/47 In our study, VPCs were 
found in 48% of patients, including VT in 9% on 24- 
hour ambulatory electrocardiographic monitoring, but 
our selection of patients is biased by the requirement of 
an electrophysiologic study. 

Ventricular tachycardias induced at electrophysio- 
logic study: The use of electrophysiologic stimulation to 
identify patients at increased risk for sudden death due 
to VPCs has been established in adults.??-?/ The report- 
ed electrophysiologic stimulation studies in patients with 
postoperative tetralogy of Fallot have involved few pa- 
tients and the prognostic significance of induced VT has 
not been established.*!5:!6!9 Deal et al!? found electro- 
physiologic stimulation useful in reproducing clinical 
ventricular arrhythmia and for selecting effective anti- 
arrhythmic therapy. In our study, VT was induced by 
varied stimulation protocols in 45% of patients with syn- 
cope or presyncope, in 27% of patients with VPCs 
on 24-hour ambulatory electrocardiographic monitoring 
and in 4796 of patients with VT on monitoring. Con- 
versely, there was no induction of VT in asymptomatic 
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patients with normal 24-hour ambulatory electrocardio- 
graphic monitoring and normal right ventricular systolic 
pressure. This combination may be a favorable marker 
for the patient at low risk. 

Induction of sustained monomorphic VT has been 
accepted as an independent marker of increased risk of 
sudden death in adult patients.” The prognostic signifi- 
cance of induced sustained VT in children is not known 
and has not been answered by this study—even though 
no sudden deaths occurred in patients with induced 
sustained VT. The induction of sustained VT by varied 
stimulation protocols was related to the presence of 
VPCs on 24-hour ambulatory electrocardiographic 
monitoring, but did not relate to the complexity of the 
VPCs. 

The significance of induced nonsustained monomor- 
phic VT is not known. In our study, the induction of 
nonsustained monomorphic VT was related to symp- 
toms of syncope or presyncope and VPCs on 24-hour 
ambulatory electrocardiographic monitoring. It did not 
differ in patients with uniform VPCs and no VPC on 
24-hour ambulatory electrocardiographic monitoring. 
Induced nonsustained polymorphic VT is considered a 
nonspecific response to aggressive stimulation protocol 
in adults.2?25?? However, polymorphic VT has been in- 
duced in survivors of sudden death.?? Deal et al!ó sug- 
gested that polymorphic VT may be the harbinger of 
ventricular fibrillation and sudden death in postopera- 
tive congenital heart disease. In our study, induced 
nonsustained polymorphic VT was related to com- 
plex VPCs on 24-hour ambulatory electrocardiographic 
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monitoring, although the number of patients in this 
group was too small for reliable interpretation. This en- 
tity may emerge as a possible risk predictor in patients 
with postoperative tetralogy of Fallot. 

In adults, the use of an aggressive stimulation pro- 
tocol increases the sensitivity for inducing sustained 
tachycardia, but decreases the specificity 2^? In our 
study, induction of VT was increased with an aggressive 
stimulation protocol. Although the stimulation varied, 
the protocols were comparable in patients with complex 
and simple VPCs or no VPC on 24-hour ambulatory 
electrocardiographic monitoring. Hence, the association 
of induced VT to spontaneous VPCs on 24-hour ambu- 
latory electrocardiographic monitoring is reasonable. 

Sudden death: Although the number of patients 
with sudden death in this series was too small to identify 
a prognostic marker, VPCs on 24-hour ambulatory elec- 
trocardiographic monitoring and right ventricular dia- 
stolic hypertension were present in most. Electrophysio- 
logic stimulation of the right ventricle did not result in 
induction of VT in any of these patients, but the stimu- 
lation protocol was not aggressive. 

In conclusion, we found that delayed age at surgical 
repair of tetralogy of Fallot and longer follow-up after 
repair were associated with increased spontaneous and 
induced ventricular arrhythmias in later years. Electro- 
physiologic induction of VT, both sustained and nonsus- 
tained, was related to symptoms of syncope or presynco- 
pe and spontaneous VPCs. Prognostic significance of in- 
duced VT to sudden death could not be determined due 


to varied stimulation protocols. Aggressive stimulation 


FIGURE 2. Age at repair and follow-up in- 
terval are grouped as in Figure 1. EPS = 
electrophysiologic study; NON SUS MVT 
= nonsustained monomorphic ventri 
tachycardia (VT). NON SUS PVT = non- 
sustained polymorphic VT; SUS VT = sus- 
tained VT. 







FIGURE 3. VT induced on electrophysio- 
logic study. CP = couplets, MVPC = multi- 
form ventricular premature complexes, 
UVPC = uniform ventricular premature 
complexes, V.TACH = ventricular tachy- 
cardia; other abbreviations as in Figure 2. 












*T 


protocol increased :he sensitivity of VT induction but 


. was performed in only 15% of patients. The association 


of spontaneous VPCs and right ventricular dysfunction 
may be a predictive factor for sudden death. 

Prospective studies including aggressive and uniform 
electrophysiologic stimulation are required to determine 
the value of electrophysiologic studies in predicting sud- 
den death in postoperative tetralogy of Fallot. 
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MISCELLANEOUS 


Growth of the Human Heart Relative to Body 
Surface Area 


Howard P. Gutgesell, MD, and Christopher M. Rembold, MD 


To determine the growth rate of the human heart in 
relation to body surface area, normal data obtained 
by echocardiography and angiocardiography were 
analyzed with respect to changes in body size oc- 
curring between infancy and adulthood. Published 
data were used to determine the following for 7 
theoretical subjects ranging in size from 0.2 m? 
(normal newborn) to 2.2 m? (large adult): average 
left ventricular (LV) end-diastolic diameter; aortic 
root diameter; right pulmonary artery diameter; 
aortic valve area; LV end-diastolic volume; and LV 
mass. Linear dimensions (LV, aortic and right pul- 
monary artery diameter) increased as a square root 
function of surface area and could not be described 
by a constant “‘index’’ of dimension to surface 
area. Aortic valve area was linearly related to sur- 
face area and equalled 3.4 cm?/m? for subjects of 
all sizes. LV volume and mass were exponentially 
related to surface area. This study indicates that 
intracardiac areas may be indexed for body surface 
area, but that linear dimensions and volumes have 
a nonlinear relation to surface area and are more 
appropriately indexed by surface area to the 0.5 
and 1.5 power, respectively. 

(Am J Cardiol 1990;65:662-668) 
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he concept of relating body heat production to 

body surface area was introduced in the nine- 

teenth century.! Since then, it has been proposed 
that nearly every aspect of human metabolism and or- 
gan growth can be "normalized" by relating it to body 
surface area. Fortuitously, this concept works relatively 
well for one of the most fundamental cardiovascular 
measurements, cardiac output. Dividing the cardiac 
output of normal subjects of different body sizes by 
body surface area yields an "index" of 3.0 to 4.0 liters/ 
min/m?, which is more or less constant from infancy 
through adulthood. Despite limited documentation of 
its validity, the concept of indexing has subsequently 
been applied to diverse cardiovascular measurements 
such as intracardiac diameter, valve area,’ ventricu- 
lar volume? and ventricular mass.? The purpose of this 
study is to define the growth rate of the human heart 
using published angiocardiographic, echocardiographic 
and autopsy data from normal subjects, and to relate 
this data to body surface area to determine which of 
these measurements may be appropriately indexed for 
surface area. 


METHODS 

Theoretical subjects: Data were collected for the 
following 7 theoretical normal subjects: a newborn; a 1- 
year-old; a 5-year-old; a 10-year-old; an adolescent/ 
small adult; an average adult; and a large adult. The 
expected weight and height of the first 5 patients were 
obtained from the 50th percentile values for normal 
male children.'° The weight and height for average and 
large adults were considered to be 69 kg, 177 cm, and 
95 kg, 187 cm, respectively. The predicted body surface 
areas of the 7 subjects, obtained from a nomogram 
based on the DuBois formula,!! are 0.2, 0.44, 0.75, 1.1, 
1.58, 1.84 and 2.2 m". For each of these theoretical sub- 
jects, the average or 50th percentile value for the cardi- 
ac measurements given below were obtained from pub- 
lished studies which included subjects from infancy 
through adulthood. 

Cardiovascular measurements: LEFT VENTRICULAR 
END-DIASTOLIC DIAMETER: The left ventricular (LV) end- 
diastolic diameter for each of the theoretical subjects 
was obtained from 5 M-mode echocardiographic stud- 
ies!*-!© from a total of 873 normal subjects. 

AORTIC DIAMETER: The diameter of the aorta at the 
level of the aortic valve was obtained from 4 M-mode 
echocardiographic studies!^-!" made up of 668 normal 
subjects. 

RIGHT PULMONARY ARTERY DIAMETER: Two studies 
have used 2-dimensional echocardiography to estimate 
the diameter of the right pulmonary artery in normal 





subjects with a wide distribution of body sizes.'*:!? Simi- 
lar data were obtained from an autopsy study”? and an 
angiographic study.?! 

AORTIC VALVE AREA: The aortic valve area was esti- 
mated by 2 methods, 1 hydraulic and 1 geometric. The 
hydraulic formula of Gorlin and Gorlin?^ was used to 
estimate the aortic valve area of the 7 theoretical sub- 
jects by assuming a negligible systolic gradient across 
the aortic valve (1 mm Hg). Thus, the formula aortic 
valve area = flow/(44.5 X gradient?^) is simplified to 
the flow across the valve (cc/systolic s) divided by the 
constant, 44.5. It was assumed that each of the subjects 
had a cardiac index of 3.5 liters/min/m?. The average 
heart rate for the 5 smallest subjects was obtained from 
a table of normal electrocardiographic values? and a 
rate of 72 beats/min was assumed for the average and 
large adults. The predicted ejection times for normal 
subjects at each of these heart rates were obtained from 
published data for children? and adults.?* The geomet- 
ric method used the normal values for aortic root diam- 
eter.'4-!7 The predicted diameter for each of the theo- 


FIGURE 1. A, shows relation of left ven- 
tricular (LV) end-diastolic diameter to 
body surface area from M-mode echocar- 
diographic studies of normal subjects.!2-16 
LV diameter of smaller subjects is consid- 

greater than the average adult val- 
ue of 26 mm/m? (solid line), whereas 
large adults (2.2 m?) have a smaller diam- 
eter/unit of body surface area. B, shows 
nearly linear relation between LV end-dia- 
stolic diameter and square root of surface 
area; value of 36 mm/m approximates av- 
erage end-diastolic diameter for subjects 
of all sizes. The term “meter” in the de- 
nominator is the square root of surface 
area and should not be confused with body 
height. 
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retical subjects was obtained by averaging the values 
from the 4 studies of normal subjects. The aorta was 
assumed to be circular and valve area equal to the cross- 
sectional area of the aorta. 

LEFT VENTRICULAR END-DIASTOLIC VOLUME: Data for 
LV end-diastolic volume were obtained from 4 angio- 
cardiographic studies of subjects with normal hearts or 
trivial cardiac disease?25-?77 and from an echocardio- 
graphic study of 66 normal subjects.?? The latter study 
used a conversion factor derived by comparing echocar- 
diographic volume estimates with those obtained by an- 
giocardiography. 

LEFT VENTRICULAR MASS: Data relating LV mass to 
body size were obtained from 2 angiocardiographic 
studies*25 and 2 echocardiographic studies.?9? Addi- 
tionally, LV mass was calculated from echocardio- 
graphic data using the formula derived by Devereux et 
al: LV mass = 0.8 [1.04 X (septal thickness + end- 
diastolic diameter + posterior wall thickness)? — (end- 
diastolic diameter)?] + 0.6. The average values for end- 
diastolic diameter, posterior wall thickness and sep- 
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tal thickness were obtained from M-mode echocardio- 
graphic studies of normal subjects.!2-!6 


RESULTS | oF 

Left ventricular diameter: The average end-diastolic 
diameter for the 7 theoretical subjects was similar in 
each of the 5 published studies, differing by <5 mm for 
any body surface area (Figure 1A). The relation be- 
tween end-diastolic diameter and surface area was ex- 
ponential. An “index” based on the normal value for 
average adult men (26 mm/m?) is too low for small 
subjects. For example, a normal 5-year-old has an LV 
diameter index of about 44 mm/m?. Even within the 
adult population, the value of 26 mm/m? is too low for 
small subjects (average diameter 30) and too high for 
large subjects (average 24). A more appropriate nor- 
malization is obtained by relating LV diameter to the 
square root of body surface area (Figure 1B). An index 
of 36 mm/m approximates the average LV diameter for 
subjects of all sizes. (The term “meter” represents the 
square root of surface area, not the subject's height). 

Aortic diameter: The diameter of the aorta at the 
level of the aortic valve also had a curvilinear relation to 
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body surface area (Figure 2A). An index based on the 
average adult value of 15 mm/m? is too low for small 
subjects and too high for large subjects. However, the 
relation was linear when aortic diameter was normal- 
ized to the square root of surface area (Figure 2B). An 
index of 21 mm/m approximates the average aortic di- 
ameter of all subjects. 

Right pulmonary artery diameter: The diameter of 
the right pulmonary artery had a curvilinear relation to 
body surface area (Figure 3A). The average adult value 
of 18 mm?! (+ 9.8 mm/m) underestimates right pulmo- 
nary artery diameter in all subjects (none of the studies 
included data from large adults). An index based on the 
cross-sectional area of the pulmonary arteries is, how- 
ever, linearly related to body surface area (Figure 3B). 

Aortic valve area: Estimated aortic valve area was 
linearly related to body surface area (Figure 4). The 
values obtained by the 2 entirely different methods were 
remarkably similar. The normal aortic valve index is ap- 
proximately 3.4 cm?/m?. 

Left ventricular end-diastolic volume: The shape of 
the curve relating LV end-diastolic volume to surface 
area was similar in each of the 5 studies reviewed (Fig- 





FIGURE 2. A, shows relation of aortic 
root diameter to body surface area in nor- 
mal subjects. Data are from M-mode 
echocardiographic studies.!4-!7 The shape 
of the normal data curve suggests a 
square root function. The /ine represent- 
ing average adult value (15 mm/m?) un- 
derestimates aortic diameter of small sub- 
jects and overestimates that of large 





tween aortic diameter and square root of 
surface area. Average value for subjects 
of all sizes is 21 mm/m. 


2.000 


adults. B, shows nearly linear relation be- _ 
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FIGURE 3. A, shows relation of right pul- 
monary artery diameter to body surface 
area in normal subjects. Data of Lappen et 
al’® and Snider et al!? were obtained by 
echocardiography, that of Van Meurs-Van 
Woezik?? at autopsy and that of Nakata et 


. al?! by angiography. Despite methodologic 
differences, 


shape of the curves are simi- 
lar. All values fall above solid line repre- 
senting 9.8 mm/m?; the average adult val- 
ue was obtained by Triulzi et al?! using 2- 
dimensional echocardiography. B, shows 
linear relation between pulmonary index 
developed by Nakata et al?! (sum of the 
cross-sectional areas of left and right pul- 
monary arteries) and body surface area; 
330 mm?/m? is applicable to all subjects. 


FIGURE 4. Plot of aortic valve area ob- 
tained by hydraulic and geometric meth- 
ods using data from normal subjects (see 
text). The 2 methods yield similar esti- 
mates of aortic valve area and demon- 
strate a linear relation between aortic 
valve area and body surface area. Aortic 
valve area is approximately 3.4 cm?/m? in 
normal subjects of all sizes. 
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ure 5A). The relation is exponential, but, unlike the lin- 
ear dimensions, the exponent is greater than unity. Vol- 
ume increases by approximately the 1.5 power of sur- 
face area and published equations relating LV volume 
to surface area approximate LV volume = 70 (body 
surface area)!-4,2532 An “index” such as the commonly 
used value of 70 cc/m? slightly overestimates volume in 
small subjects and underestimates it in large subjects. A 
more universally applicable index is obtained by relating 
volume to surface area raised to the 1.5 power (Figure 
5B). The average value of 70 cc/m? applies to subjects 
of all sizes. 

Left ventricular mass: The relation of LV mass to 
body surface area is likewise exponential, but the expo- 
nent is close to unity; thus, the relation appears nearly 
linear (Figure 6). An index of 90 g/m? approximates 
the LV mass of adults but is slightly greater than the 
estimates of mass in smaller subjects in most studies. 


DISCUSSION 
Between birth and adulthood, body surface area in- 
creases by 9-fold (from about 0.2 m? to 1.8 m?). Cardi- 
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ac measurements increase as an exponential function of 
surface area; for linear measurements such as LV end- 
diastolic diameter, the exponent is in the range of 0.33 
to 0.5 (cube and square roots, respectively). For volu- 
metric measurements such as LV end-diastolic volume 
and mass, the exponent is 1.30 to 1.5. Thus, it is not 
surprising that there is not a convenient “index” which 
would serve as a normal value for subjects of varying 
sizes. 

The concept of “cardiac index” has been universally 
accepted in clinical practice, despite the fact that its va- 
lidity has been challenged?? as well as defended.? What- 
ever the justification for normalizing cardiac output for 
body surface area, it is clear that this practice is inap- 
propriate for intracardiac linear dimensions. Attempts 
to narrow the limits of normalcy by dividing linear di- 
mensions by surface area*© are conceptually incorrect 
and may produce erroneous conclusions in laboratory or 
clinical studies. For example, Zile et alf have suggested 
that an LV end-diastolic diameter of 33 mm/m? repre- 
sents a return of LV diameter to normal in patients un- 
dergoing surgery for chronic mitral regurgitation. In- 


FIGURE 5. A, shows plot of left ventricu- 
lar end-diastolic volume against body sur- 
face area in normal subjects. The data of 
Nakazawa et al,?7 Graham,?? Lange et 
al,2> and Nomoto et al? were obtained by 
angiocardiography and that of Wessel? 
by 2-dimensional echocardiography. End- 
diastolic volume has an exponential rela- 
tion to surface area. The /ine representing 
the commonly used normal value, 70 cc/ 
m2, slightly overestimates average vol- 
umes of small infants and underestimates 
volume of larger subjects. B, shows linear 
relation between LV end-diastolic volume 
and body surface area to the 1.5 power; 
70 cc/m? is an appropriate index for sub- 
jects of all sizes. 
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FIGURE 6. Plot of left ventricular (LV) 
mass against body surface area in normal 
subjects. Data of Lester et al?? and Henry 
et al?? were obtained by M-mode echocar- 
diography and that of Graham? and Lange 
et al by angiocardiography. The formula 
of Devereux et al? was employed by using 
published normal values for left ventricular 
(LV) diameter and wall thickness (see 
text). All studies illustrate an exponential 
relation between LV mass and body sur- 
face area, but the exponent is near unity 
and the relation approaches linearity with 
a slope of 90 g/m. à 
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spection of Figure 1 indicates that the LV diameter *in- 
dex" is 90 mm/m? for normal newborns, 34 mm/m? for 
10-year-olds and 23 mm/m? for large adults. A value of 
33 mm/m? is the upper limit of normal for adults of a 
finite body size, but not for all adults and certainly not 
for all subjects. Others^?^ have attempted to index the 
diameters of the aorta and the atria, as well as the 
thickness of both the septum and LV posterior wall 
without documentation that such an index is constant 
for subjects of different sizes. The hazards of dividing 
physiologic measurements by body surface area were 
detailed 40 years ago by Tanner.?? We believe it is more 
appropriate to normalize linear cardiac dimensions to 
the square root of body surface area as opposed to per- 
weight and per-surface area standards (Figures 1 and 
2). 

This study suggests that it is reasonable to index in- 
tracardiac areas for surface area. The hydraulic and 
geometric methods for estimating aortic valve area 
yielded surprisingly similar results and indicated that 
aortic valve area, as opposed to aortic diameter, has a 
linear relation to surface area. Thus, the practice of in- 
dexing aortic valve area for body surface area in chil- 
dren with aortic stenosis’ appears justified. Similarly, 
although pulmonary artery diameter cannot be mean- 
ingfully indexed for surface area, the pulmonary index 
developed by Nakata et al,?! a sum of the cross-section- 
al areas of the left and right pulmonary arteries, is con- 
stant at 330 mm?/m? for subjects of all sizes. The rela- 
tion of mitral anulus diameter to body surface area is 
curvilinear,?? but that of mitral valve area to surface 
area is linear.*° The cross-sectional area of the left ven- 
tricle has a linear relation to body surface area.3’ 

The relations of LV volume and mass to surface 
area are exponential but approach linearity if subjects 
<5 years of age are excluded.?? Thus, for routine clini- 
cal use, 70 to 80 cc/m? is a reasonable estimate of the 
average LV end-diastolic volume in normal subjects >5 
years of age. A value of 70 cc/m? (surface area to the 
1.5 power) is a more precise estimate and applies to 
subjects of all sizes. 
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This study was not intended to develop normal val- 
ues for cardiovascular measurements nor to defend the 
use of body surface area as opposed to weight or height, 
but to analyze the growth patterns of selected cardiac 
measurements in theoretical normal subjects of varying 
size. Most cardiac dimensions increase exponentially 
with body size; normal data must be presented in the 
form of growth charts with Sth and 95th percentile lim- 
its or as regression equations with standard deviations. 
The appropriate method for comparing data from sub- 
jects of different sizes is to convert raw data into z- 
scores (actual value minus predicted mean, divided by 
the standard deviation).?? Intracardiac areas may be in- 
dexed by body surface area but linear dimensions and 
volumes are more appropriately related to surface area 
to the 0.5 and 1.5 power, respectively. 
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Samuel A. Levine and His World War | 
Encounters with the Brothers Regii, 
Allbutt and Osler 


Charles F. Wooley, MD, and John M. Stang, MD 


ence produced changes in medical thought far 

out of proportion to the actual duration and ex- 
tent of the US wartime military involvement. Volunteer 
US hospital units serving in Europe were organized ear- 
ly in the war and influenced the design and organization 
of military field hospitals when the United States en- 
tered the war.! The massive wartime mobilization pro- 
cess involved large numbers of medical officers in the 
examination and classification of 4 million young men 
and required new physical standards for separating the 
"fit" from the “unfit.” 2 


T= broad, diverse World War I US medica] experi- 


these officers into contact with leading figures in British 
medicine and the developing specialty of cardiology.? 

As part of our research into the irritable heart, sol- 
dier's heart, neurocirculatory asthenia and mitral valve 
prolapse lineage, we have been privileged to share in the 
legacy of Samuel A. Levine (Figure 1) and his reflective 
analysis of his World War I experiences.^ This article 
presents the reflections of the mature Samuel A. Levine 
about his encounters as a young medical officer with 
Clifford Allbutt and William Osler. 


BRIEF ENCOUNTERS WITH BRITISH 
MEDICAL GIANTS 


Less documented but quite important in retrospect 
was the US medical officers’ experience at the British 
military “Heart Hospital,” which brought a group of 


“During the first World War, I spent some 
time at the British Heart Hospital in Colchester, 
England. Here it was a happy and fortunate privi- 
lege for me and the other medical officers to meet 
and get to know four celebrated and distinguished 
medical men—Sir Clifford Allbutt, Sir William 
Osler, Sir James Mackenzie and Thomas Lewis 
(who was later knighted). The first three were con- 
sultants to the British Heart Hospital and every 
month or so one or another would visit our hospital 
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FIGURE 1. Left, Samuel Levine in wartime England at the British Heart Hospital. From his personal collection. Right, the senior 
Dr. Levine at about the time he wrote his autobiographical vignettes. Courtesy of the National Library of Medicine. 
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and make medical rounds. These were very stimu- 
lating and memorable occasions for all the young 
medical officers. A recounting of a few of the 
events and conversations that took place at that 
time may be of interest and may reveal some as- 
pects of the personalities of these great physicians." 

Clifford Allbutt—a background: Clifford Allbutt 
(1836-1925) (Figure 2) was 81 years old and Regius 
Professor of Physic at the University of Cambridge 
when Levine met him in 1917. He experienced several 
medical careers during his 89-year-span and 65 years of 
active professional life. Twenty-eight years of medical 
practice in industrial Leeds placed him in a variety of 
institutions where he had contact with all of the diseases 
of industrial England—in particular, fevers, tuberculo- 
sis, insanity, and rheumatic and neurosyphilitic disease 
states. 

Allbutt? joined with Mackenzie® and Osler’ to sup- 
port the British World War I Military "Heart Hospi- 
tal" concept, an idea which became reality at Hamp- 
stead and later at Colchester. Allbutt, Osler and Mac- 
kenzie were appointed as an Advisory Committee and 
consultant physicians and it was in their capacity as 
consultants that young Sam Levine encountered them. 
During this time Levine worked directly with Thomas 
Lewis, director of the Heart Hospital? Levine referred 
to the quartet as the “four giants of British cardiology.” 

DR. LEVINE RECALLED: "Sir Clifford Allbutt was at 
this time Regius Professor of Medicine at Cam- 
bridge University. He was a small man, about 80 
years old and was very neatly dressed. His manner 
was quiet and gentle. Because he was hard of hear- 
ing and used a monoaural stethoscope, we realized 
that he had difficulty hearing cardiac murmurs. 
However, our interest was in his general and his- 
torical remarks rather than in the discussions of 
the diagnosis and treatment regarding a specific 
case. 

I recall one conversation that took place in the 
fall or winter of 1917. He described an event that 
he referred to as the only worthwhile original idea 





FIGURE 2. Clifford Allbutt, Regius Professor of Physic, 
University of Cambridge. Courtesy of the National Library 
of Medicine. 
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he had ever had. In 1867 he had been the medical 

consultant for several mental institutions. One of 

these was in Liverpool and the other in the Mid- . 

lands, or interior of the country. After he had been 

serving in this capacity for about three years, he 
was asked to speak at a medical meeting, and he 
chose to review his experiences as an internist in 
these insane asylums. During those three years he 
had seen a great many patients with dementia par- 
alytica (general paresis) and only a few with de- 
mentia praecox in Liverpool but that, in contrast, 
there were only a few individuals with the former 
condition and many more with the latter to be 
found in the Midlands. Inasmuch as the general 
social background of these populations was the 
same, he remarked that the only difference he 
could detect was a geographic one. Liverpool was a 
port while the other towns were located inland. He 
therefore suggested that one might be more likely 
to find venereal disease in a port than in the interi- 
or of the country—an observation that antedated 
the discovery of the spirochete pallida or the devel- 
opment of the Wasserman test and long before 
general paresis of the insane was attributed to 
syphilis. A wise, simple and prophetic observation!” 

Perspective—Allbutt and Levine: Levine’s observa- 
tions about Allbutt were quite perceptive. Garrison? 
noted that although Allbutt studied disease at York- 
shire bedsides and in the Leeds institutions, he "saw the 
protean manifestations of the gouty, rheumatic and 
neurosyphilitic diatheses as distributed laterally (in 
space) as well as lineally (in time)." Garrison saw All- 
butt as a leader in geomedicine—the distribution of dis- 
ease among the ascendants, descendants and collateral 
sibs of a familial stock, the relations of civilization and 
disease and the impact of disease upon ethnic groups— 
i.e., the study of series and families of diseases in space. 

Allbutt's US travels and exposure to North Ameri- 
can physicians before the Heart Hospital experience 
may have accounted for his warm, perceptive response 
to the receipt of Levine's article on the surgical treat- 
ment of mitral stenosis in January 1925. This was short- 
ly before Allbutt's death. Cutler and Levine had pub- 
lished their experience with cardiotomy and valvuloto- 
my for mitral stenosis in 1923. 

*My Dear Dr. Levine—lt is nice to receive a 
greeting from you. The pamphlet came just before 

I was to lecture (I did so) on mitral stenosis. So I 

handed the book around the class and thence it 

goes on the table of our Medical School Library. It 

is a bold enterprise, but so was ovariotomy, as I too 

well remember. All well herein. Our best wishes to 

you and yours.— Yours very sincerely, Clifford 

Allbutt.” ! 

William Osler—a background: Osler’s career does 
not permit an easy, simple abstract. Levine's contact 
with Osler (Figure 3) came toward the end of an illus- 
trious career and at a time of great personal tragedy for 
Osler. 

Osler's “vagrant career" in Toronto, Montreal, Lon- 
don, Berlin and Vienna as a student, and in Montreal, 
Philadelphia, Baltimore and Oxford as a clinician, 


teacher and administrator, served as background for his 
participation in the irritable heart, soldier’s heart and 
Heart Hospital story. Osler’s Philadelphia experience 
brought him into contact with Jacob Mendez DaCosta 
and the irritable heart!!; Osler always referred to Da- 
Costa when speaking or writing about irritable heart. 
While still in Philadelphia Osler returned home to To- 
ronto and read the paper “Irritable Heart in Civil 
Life.” 12 He acknowledged the DaCosta lineage and 
emphasized that the irritable heart of military life also 
occurred in civil life. 

While at Johns Hopkins in Baltimore Osler incorpo- 
rated “irritable heart” into his famous text under the 
section on functional affections of the heart and in fur- 
ther detail in the section on palpitation. This message 
was widely transmitted since Osler’s text “played a 
leading role in the training of at least two generations of 
physicians and had an influence far beyond the direct 
one on medical practice." !? 

DR. LEVINE RECALLED: "Sir William Osler was 
unique. He immediately won the greatest respect, 
admiration, and affection of the young medical of- 
ficers. The first time I met him several of us were 
playing cards when suddenly he entered the living 
room where we were seated. We all stood up and 
were properly introduced, but he insisted that we 
sit down and continue our game. In a relaxed man- 
ner, he sat on the arm of my chair, keeping us en- 
tirely at our ease. In fact, he passed cigarettes 
around and carried on as if he were one of us and 
had known us for years. He had an unusual charm, 
always finding the appropriate comment to make 
no matter what the circumstances. 

He created a lasting impression, since apart 
from his broad knowledge and interests, he had re- 
markable bedside technique and clinical acumen as 
well as a friendly manner and personal approach. 
As he examined one patient after another (all of 
whom were British soldiers) and learned the details 
of the specific medical problem, he would begin to 
chat in an informal, almost intimate fashion with 
the patient. After he inquired what town the pa- 
tient came from, he would frequently ask questions 
with the same specific nature, such as ‘Do you 
know Reverend So-and-So?' and the patient would 
reply, “Why yes, I attend his church. Then he 
might continue, 'Is So-and-So still practicing in 
your town?' and the reply would often be, *He has 
been our family doctor for years.’ Dr. Osler even 
seemed to know the local school teachers in many 
communities in England. 

One day we selected an interesting and some- 
what puzzling medical problem to present to Dr. 
Osler for discussion. A soldier had been under ob- 
servation for about two weeks, and we had finally 
come to our own conclusion about the diagnosis. 
Seeing that the lad looked quite well, Osler had 
him sit in a chair. As he started to chat with him, 
asking the usual three questions, Osler turned 
around and began to discuss the case with us. He 


whatever he could by simple inspection. He re- 
marked that the young man obviously had some 
form of heart disease, since he could see a marked 
apex impulse well beyond the nipple line, and add- 
ed that aortic insufficiency was not likely because 
the carotid pulsations were not prominent and the 
radial pulse was not at all of the Corrigan type. He 
then noted that there was no plateau quality to the 
pulse and, on placing his hand on the base of the 
heart, no thrill could be felt. Finally, he remarked 
that mitral stenosis did not produce that kind of 
apex impulse nor did the patient have a mitral fa- 
cies. 

With this more common type of valvular dis- 
ease ruled out, he suggested that adhesive pericar- 
ditis might cause an enlarged heart and one should 
therefore look for a Broadbent sign (1.e., when the 
pulse is synchronous with ventricular systole on 
the posterolateral chest wall). Turning the patient 
around, he then carefully inspected the back just 
below the angle of the left scapula. On finding no 
systolic retractions, he appeared to be satisfied in 
eliminating the diagnosis of pericarditis. (Appar- 
ently Osler had more faith in the Broadbent sign 
than we now ascribe to it.) 

At this point, he addressed the group of medical 
officers in attendance and stated that this must be 
a case of idiopathic hypertrophy of the heart. He 
then completed the examination. Finding the heart 
sounds of good quality and detecting no murmurs, 
he added that auscultation had thrown no further 
light on the diagnosis and that the patient probably 
had some form of heart muscle disease. Thomas 
Lewis was present at this conference, and inas- 
much as he was an authority in the field of electro- 
cardiography, Osler turned to him and said, *Tom, 
you ought to be able to tell something we do not 
know about this man's heart muscle with this new 
electrocardiographic technique you employ. In 
point of fact, the electrocardiograms did show bun- 
dle branch block. 





FIGURE 3. William Osler, Regius Professor of Medicine, 
Oxford University. With permission from the Illustrated 
London News Picture Library. 
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had been holding the patient's wrist in the mean- 
time, feeling the pulse, and of course observing 





This clinical exercise was impressive because by 
means of simple bedside examination before aus- 
cultation had been carried out and based only on 
simple inspection and palpation Osler had arrived 
at the correct diagnosis or at least at the same di- 
agnosis we had reached after lengthy study of the 
case. Although the reasoning that Osler employed 
in this case was by no means infallible, it was a 
superb example of old-fashioned bedside clinical 
practice and teaching. 

The dedication of this great man was poignant- 
ly displayed on the day when his turn as a consul- 
tant arrived. Not many days before, his only son, 
Revere, had been killed in action. Osler came to 
the hospital and carried on as usual, although we 
all knew his heart was heavy. He must have been 
greatly comforted in the knowledge that Harvey 
Cushing and George Emerson Brewer (of New 
York City), his old friends and colleagues and out- 
standing surgeons, had been with Revere before he 
died, ready to attend him if any help could have 
been given. Osler’s behavior in the face of tragedy 
exemplified the old dictum that he himself often 
preached: Arbeit macht das Leben suss (work 
makes life sweet).” 

Perspective—Osler and Levine: Osler’s reputation 
and mystique is very much with us a century after he 
moved from Canada to the United States. Medical 
communities from Canada, the United States and En- 
gland maintain his reputation, his ties and his heritage 
in serious and dedicated tones. The legend replaced the 
man even within his lifetime and efforts to separate and 
evaluate the 2 continue unabated. 

The term Oslerian has been used so much in medical 
care, philosophy, teaching, ethics and commentary that 
it has taken on a generic aspect. In the process we have 
lost some of Osler’s incisiveness. The Osler canonization 
process, frequently used to glorify the Oslerian acolytes 
or to justify their perceptions or perspectives, leaves us 
with Camelot and misty legends of the Round Table 
rather than the sweat, the intensity and the basic perso- 
na. 
Osler’s question to Lewis about the contribution of 
electrocardiography to the understanding of cardiomy- 
opathy reveals a grasp of twentieth century technology 
by a clinician whose roots were of the nineteenth centu- 
ry. Levine’s retelling the incident brings us an early ac- 
count of the clinical diagnosis of cardiomyopathy and 
the association between myocardial disease and bundle 
branch block. 

Allbutt and Osler straddled 2 centuries of medicine, 
participated in the “old” and “new” cardiology de- 
scribed by Lawrence!4 and brought young Sam Levine 
into contact with a world view that the senior Dr. Sam 
recalled with deep satisfaction. 

Allbutt and Osler—The Brothers Regii: “It was 
during the middle of the Edwardian Age, the year 
before the outbreak of the first World War. The 
elegant salon lay bathed in radiant light from the 
beautiful chandeliers. The bands and decorations 
of the gentlemen shone in competition with the col- 
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orful dresses of the ladies. A distinguished dinner 
party was about to begin in London. Every mo- 
ment one could hear through the conversations 
humming the loud voice of the doorkeeper, ‘Lord 
and Lady X, Sir Thomas and Lady Y.’ An observ- 
er who had stood at the entrance and observed the 
arriving guests would not have been able to avoid 
noticing two gentlemen who walked together up 
the wide stair while they smiled and chatted. The 
one was a tall man with a full beard. He had an 
attractive head and a fine carriage. The other was 
under medium height and had a pendulous mus- 
tache. His eyes were sharp and the color of his face 
somewhat sallow; he was in the habit of calling it 
olive green. They walked arm-in-arm as a symbol 
of a friendship which had lasted more than twenty 
years. The observer would now have been able to 
see the doorkeeper turn to the two gentlemen in 
order to ask their names but he would not have 
been able to hear what the medium-height gentle- 
man whispered. It was a joke he was playing, but 
completely unaware of this, the doorkeeper an- 
nounced, as he was asked to, the Brothers Regii, 
the Royal Brothers. The humming of the many 
voices died for a moment. Then there ran a wave of 
laughter through the entire company when the 
Royal Brothers, constantly arm-in-arm, came up 
and greeted the assembled company. 

This little incident illustrates perhaps better 
than any other the close relation between these two 
men, who in no way were brothers and further- 
more were born in separate parts of the world but 
who had watched the paths of their lives come clos- 
er and closer to each other until they both came to 
exercise a singular and increasing influence on the 
practical and theoretical medicine of their time. 
The man with the great beard was Sir Thomas 
Clifford Allbutt, Royal Professor in Medicine at 
the University of Cambridge. The man with the 
olive green hue was William Osler who occupied 
the corresponding position in Oxford and who 
would shortly become a baron. According to aca- 
demic parlance, they addressed each other as “My 
Brother Regius' and never were two royal brothers 
more closely tied to each other in affection and in 
high ideals." 15 


Acknowledgment: Mrs. Samuel A. Levine and Dr. 
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ON SPOT EPR RS i OR TTT 


BRIEF REPORTS 


Significance of a Lateral Q Wave Following First Anterior Wall Acute 


Myocardial Infarction 


Gervasio A. Lamas, MD, Douglas E. Vaughan, MD, and Marc A. Pfeffer, MD, PhD 


L ventricular (LV) thrombus formation is a com- 
mon complication of anterior wall acute myocardial 
infarction (AMI).! However, not all patients with anteri- 
or AMI are at a similar risk for this complication. Indeed, 
we? reported that severe distortion of LV shape was an 
independent predictor of LV thrombus formation. There- 
fore, we decided to test a clinical observation that in 
patients with a first anterior wall AMI, the development 
of lateral Q waves in addition to precordial Q waves is 
observed in those with distortion of LV contour. Because 
LV contour is an independent predictor of LV thrombus 
formation, we wished to extend this observation and de- 
termine whether the resting post-AMI electrocardio- 
grams could be used to predict the presence or absence of 
LV thrombus. 

The patient population consisted of 72 consecutive 
patients presenting between June 1984 and October 1986 
who had had a first anterior Q-wave AMI and underwent 
cardiac catheterization 5 to 31 days later. These patients 
were drawn from a previously reported’ group of anteri- 
or AMI patients and had the additional inclusion criteri- 
on of a quality electrocardiogram recorded during the 
early recovery phase (5 to 31 days) after AMI available 
for analysis. 

All patients underwent cardiac catheterization with 
left ventriculography in the 30° right anterior oblique 
projection, hemodynamic measurements and multiple 
view coronary angiography. LV thrombus evident on 
ventriculography was defined as a contrast-filling defect 
in a well-opacified ventricle that did not correspond to 
any other normal intracardiac structure. LV volumes 
were calculated by an area-length regression equation. 
Regional wall motion abnormality was calculated as the 
percentage of the diastolic perimeter that remained aki- 
netic or dyskinetic during systole. LV shape at end- 
systole and end-diastole was graded by defining an index 
of sphericity.* Sphericity index consisted of the LV vol- 
ume divided by the volume of a sphere which has the 
magnification-corrected ventricular long axis (aortic 
plane to apex length) as its diameter. This sphericity 
index was then expressed as the volume measured X 
100, divided by the volume of a calculated sphere (lon- 
gest axis). Qualitative LV shape distortion in diastole 
was defined by using a method previously described.? 
Left ventricles were graded as having normal LV diastol- 
ic shape, moderate LV distortion confined to the apex 
and severe LV distortion in the apex and anterolateral or 
inferior walls. Electrocardiograms were recorded 2.5 
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TABLE I Ventriculographic Differences in 25 Patients With 
and 47 Patients Without Lateral Q Waves 


Q inl or aVL 


Absent Present 


















EDV (ml) 219 + 58 245 + 48 

ESV (ml) 123+ 53 144 € 49 NS 
EF (96) 45 X 13 42+11 NS 
Akinesia (%) 13+11 1148 NS 
Dyskinesia (%) 1049 1549 <0.05 
DSI (%) 3446 3947 <0.02 
SSI (%) 2547 2846 <0.06 
LV thrombus (%) 4 (16%) 27 (57%) <0.002 










DSI = diastolic sphericity index; EDV = end-diastolic volume; EF = ejection fraction; 
ESV = end-systolic volume; LV = left ventricular; NS = not significant; SSI = systolic 
sphericitiy index. 







days after AMI using standard leads and techniques. 
Pathologic Q waves were >0.04 second in duration and 
>25% of the size of the corresponding R wave. All pa- 
tients had sustained an anterior wall AMI resulting in 
diagnostic precordial Q waves. For the purpose of this 
analysis patients were grouped according to whether a 
pathologic Q wave was present in lead I or aVL (lateral 
Q wave present) or absent in both I and aVL (lateral Q 
wave absent). The chi-square test was used to analyze 
dichotomous variables and a 1-way analysis of variance 
was used to analyze continuous variables. 

The 72 study patients had a mean age of 54 + 11 
years. Sixty-six patients (92%) were men. Peak creatine 
kinase determined at the time of AMI was 3087 + 1737. 
Patients underwent cardiac catheterization 17 3: 5 days 
after infarction (range 5 to 31). A lateral Q wave was 
present in 47 (65%) of patients. Cardiac output (no lat- 
eral Q vs lateral Q: 5.5 + 2.1 liters/min vs 55 £ L8 
liters/min; difference not significant) and LV filling pres- 
sure (no Q vs Q: 19 + 7 vs 20 + 7mm Hg; difference not 
significant) were similar in both groups of patients. Pa- 
tients with lateral Q waves had greater LV end-diastolic 
volumes, a greater extent of dyskinesia and more spheri- 
cal ventricles than patients without a lateral Q wave 
(Table I). Qualitative LV-shape analysis showed that 11 
of 25 (44%) patients without a lateral Q wave had nor- 
mal LV contours while only 7 of 47 (15%) patients with a 
lateral Q wave had a normal LV contour (p « 0.05). 
Patients without a lateral Q wave were not likely to have 
LV thrombus present while the risk of LV thrombus in 
patients with a lateral Q wave was high. Indeed, while 
the positive predictive value of a lateral Q wave for LV 
thrombus was 57%, the negative predictive value was 
8490. 

Prior studies of patients after anterior wall AMI have 
emphasized that a scoring system based on the resting 
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electrocardiogram correlates closely with infarct size. 
This analysis, however, tested and extended a clinical 
observation that patients with Q waves in I or aVL after 
anterior myocardial infarction had significant post-AMI 
LV distortion, presumably due to anterolateral extension 
or expansion and distortion of the infarct zone. This ob- 
servation is supported not only by the direct association of 
lateral Q waves with high sphericity index and qualitative 
LV distortion, but also by its association with secondary 
effects of LV distortion such as increased LV volumes. 
This simple electrocardiographic finding may have some 
clinical application. Both echocardiographic studies® as 
well as our own prior analysis? have emphasized that LV 
thrombi are present in patients who have had large ante- 
rior AMIs resulting in distorted left ventricles. Thus, 
while anterior wall AMI patients with a Q in I or in aVL 
show a >50% chance of having developed LV thrombus, 


patients without these electrocardiographic abnormali- 
ties have only a 16% probability of having LV thrombus 
present. 
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Percutaneous Transluminal Coronary Angioplasty in Patients 


80 Years of Age and Older 


J. Jeffrey Rich, MD, Charles M. Crispino, MD, J. Justin Saporito, MD, Imad Domat, MD, 


and William M. Cooper, MD 


E lderly patients undergoing percutaneous trans- 
luminal coronary angioplasty (PTCA) are thought 
to be at an increased risk for complications and mortality. 
More experience, improved technique and careful patient 
selection have resulted in higher success rates for elderly 
patients in recent years. Coronary artery bypass grafting 
has a higher operative morbidity and mortality in the 
elderly than in younger patients with comparative dis- 
ease.! However, elderly patients undergoing PTCA have 
been reported to be at a risk similar to that in younger 
patients.^? Angioplasty, therefore, can play a role in the 
treatment of coronary artery disease in some elderly pa- 
tients. As the percentage of the elderly in our population 
increases it is important to continue to evaluate their 
indications for interventional procedures. Although stud- 
ies^-^ support the efficacy of PTCA in patients >65 years 
of age, only 1 study has examined the role of PTCA in 
octogenarians. Accordingly, we reviewed the results of 
PTCA in octogenarians at our institution over a 14- 
month period. 

Between March 1987 and May 1988, over 5,000 pa- 
tients underwent cardiac catheterization at our institu- 
tion with over 1,500 of these undergoing PTCA. Sixty- 
one patients (28 men, 33 women) were aged 80 to 88 
years (mean 82). They were evaluated for unstable angi- 
na (n = 38), myocardial infarction (n = 16) and valvular 
heart disease (n = 7). Fifteen of these patients had a 
history of myocardial infarction <3 months before ad- 
mission. Of the 54 patients evaluated for coronary artery 
disease, 22 underwent PTCA. All of these 22 patients 
had New York Heart Association class III or IV angina 
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before admission. Five of the 22 (23%) patients were í 
hospitalized because of acute myocardial infarction. 
PTCA was performed because these patients had devel- 
oped postinfarction angina. Only 3 of the 22 patients had 
3-vessel disease or serial lesions in >1 vessel. The re- 
maining 32 of the 54 patients were treated medically. 
Twenty-five (78%) of the patients in this group had New 
York Heart Association class III or IV angina before 
admission. Diagnosis upon admission was acute myo- 
cardial infarction for 11 (34%) of these patients. Three- 
vessel disease or serial lesions in >1 vessel was found in 
22 of the 32 patients (69%). 

The femoral artery approach was used in 27 proce- 
dures in 22 patients undergoing PTCA. The angioplast- 
ies were performed by 9 different cardiologists using 
steerable guidewires and balloon-catheter systems. All 
patients received intravenous heparin; intravenous or in- 
tracoronary nitroglycerin was administered at the dis- 
cretion of the operator. Successful PTCA was defined as 
a decrease in diameter narrowing from 270 to «3095. 
Failure of PTCA was defined as an inability to cross or 
dilate the stenotic area due to technical or clinical rea- 
sons and mortality in the procedure was defined as sud- 
den cardiac death or subsequent in-hospital death. Five 
patients underwent staged multivessel PTCA and 3 had 
salvage PTCA. Salvage PTCA is angioplasty done on 
patients who are not surgical candidates, have failed 
intensive medical therapy and usually have significant 
left ventricular dysfunction. Complications of the proce- 
dure were defined as postprocedure myocardial infarc- 
tion, acute pulmonary edema, dysrhythmias, coronary 
artery dissection, hematoma, neurologic events, choles- 
terol embolization and death. 

Follow-up was achieved in all patients by direct 
physician-to-physician contact. Patients’ status was de- 
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TABLE I Location of Coronary Artery Occlusions of Patients 
Who Underwent Percutaneous Transluminal Coronary 
Angioplasty 








No. No. No. 
Attempted Location Successful Failed Attempted 








Right coronary artery 
Left circumflex | 
Left anterior descending 13 
Diagonal 

Obtuse marginal; 1 
Obtuse marginal» 1 
Total 


o OOG OTD 
— 


termined in office visits and direct telephone conversa- 

tion inquiring as to change of angina status or class, 

changes in medications and post-PTCA hospitaliza- 

tions. 

In the 32 medically treated patients, 5 died as a result 

of cardiogenic shock after myocardial infarction and 1 

patient died from complications of cholesterol emboliza- 
tion after cardiac catheterization. The mortality rate of 

this group was 19%. In the PTCA group, 24 of 27 proce- 

dures were successful (89%). Twenty-six of the 30 coro- 

nary artery lesion dilations attempted were proximal left 

anterior descending or right coronary artery stenoses 

(Table I). Post-PTCA myocardial infarction occurred in 

3 patients. One patient who had nonsustained ventricular 
tachycardia during PTCA was treated successfully with 

a lidocaine bolus and continuous infusion for 24 hours. 

Acute pulmonary edema occurred in 2 patients. These 

patients were successfully treated and stablized with ni- 
troglycerin, furosemide and morphine. One of these pa- 

tients was also in the post-PTCA myocardial infarction 

group. Hematomas developed in 4 patients, 3 with the 

femoral artery approach and 1 with the brachial artery 
approach. None of these patients required surgical evac- 

uation or blood transfusions. Two patients had transient 

ischemic attacks and 1 patient had a cerebrovascular 

accident with complete resolution. No patients who had 

undergone PTCA died while in the hospital and none 

had to undergo emergency coronary artery bypass sur- 

gery. : 

The average follow-up in the PTCA group was 11 
months. Twenty of the 22 patients were still alive. One 
patient died during elective coronary artery bypass sur- 
gery 1 month after PTCA. The second patient died from 
complications of a stroke that occurred 3/2 months after 
PTCA. One patient who developed unstable angina 2 
days after PTCA underwent successful coronary artery 
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bypass surgery. During the follow-up period no patient 
had a myocardial infarction and none was hospitalized 
for cardiac reasons except for the previously mentioned 
patients who underwent surgery. 

Several studies have shown there is a role for PTCA in 
the elderly patient with coronary artery disease. Compar- 
atively little has been reported concerning PTCA in octo- 
genarians. Kern et alf reported a 19% procedural mortali- 
ty rate and a 38% complication rate in their series of 
patients undergoing PTCA. Edmunds et al’ reviewed 
their results of octogenarians undergoing coronary artery 
bypass surgery alone or with valve replacement. They 
reported an early mortality rate of 247% and a late mortal- 
ity rate of 12 to 24%. Complications occurred in about 
half of their patients. Our series of patients undergoing 
PTCA had a high morbidity rate but a low mortality rate. 
However, our patient population was selected. When 
comparing the PTCA group to the medically treated 
group in our series, the patients in the PTCA group had 
less extensive coronary artery disease, there were fewer 
patients with a history of previous myocardial infarction 
and there were fewer patients presenting with acute myo- 
cardial infarction. These patients underwent PTCA be- 
cause they were thought to have unstable angina caused 
by a single proximal coronary occlusion or because they 
had postinfarct angina. Under these circumstances we 
believe that PTCA can be successfully performed with 
low mortality and with an acceptable long-term outcome 
in the octogenarian population. 
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Reduce uncertainty. 
Prescribe an antiarrhythmic that’s predictable. 
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Norpace CR is generally well tolerated. The side effects are usually 
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Adapted from Henningsen et al.5 


During a five-year follow-up study, 29% (12/42) of patients developed a classic drug-induced SLE syndrome.* Additional studies 
confirm this frequent adverse reaction.*® 


*Systemic lupus erythematosus. 


Results of a long-term follow-up (up to 64 months) 
of patients on Norpace (disopyramide phosphate) 


* In 60% (24/40) of patients, Norpace provided effective and tolerated 
monotherapy for up to 64 months.’ 


* Anticholinergic side effects, although common, were usually tolerated.’ 
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Norpace® Capsules 
(disopyramide phosphate) 


Norpace® CR Capsules 
(disopyramide phosphate extended-release) 


Brief Summary 


Before prescribing, please consult current complete prescribing information, a summary of 
which follows: Indications: For suppression and prevention of recurrence of the following 
cardiac arrhythmias: unifocal premature (ectopic) ventricular contractions; premature 
(ectopic) ventricular contractions of multifocal origin; paired premature ventricular contrac- 
tions (couplets); and episodes of ventricular tachycardia (persistent ventricular tachycardia is 
ordinarily treated with DC-cardioversion). Norpace is equally effective in both digitalized and 
nondigitalized patients. It is also equally effective in treating primary cardiac arrhythmias and 
those which occur in association with organic heart disease including coronary artery 
disease. Norpace CR should not be used initially if rapid establishment of disopyramide 
plasma levels is desired. Oral disopyramide phosphate has not been adequately studied in 
patients with acute myocardial infarction or with persistent ventricular tachycardia or atrial 
arrhythmias and is not indicated for arrhythmias due to digitalis intoxication. The value of 
antiarrhythmic drugs in preventing sudden death in patients with serious ventricular ectopic 
activity has not been established. Contraindications: Cardiogenic shock, preexisting 
second- or third-degree AV block (if no pacemaker is present), congenital Q-T prolongation, 
or known hypersensitivity to the drug. Warnings: Norpace or Norpace CR may cause or 
worsen congestive heart failure (CHF) or produce severe hypotension as a conse- 
quence of its negative inotropic properties. Hypotension has been observed primar- 
ily with primary cardiomyopathy or inadequately compensated CHF. Norpace or 
Norpace CR should not be used in patients with uncompensated or marginally 
compensated CHF or hypotension unless the condition is secondary to cardiac 
arrhythmia. Patients with a history of heart failure may be treated with Norpace or 
Norpace CR, but careful attention must be given to maintaining cardiac function, 
P d ] t b l th including optimal digitalization. If hypotension occurs or CHF worsens, Norpace or 
r e / C a e er a Dy Norpace CR should be discontinued and, if necessary, restarted at a lower dosage 
only after adequate cardiac compensation has been established. Norpace or 
Norpace CR should be discontinued if significant widening (greater than 25%) of 
100-mg and 150-mg CAPSULES the QRS complex occurs. Prolongation of the Q-T interval (corrected) and worsen- 
ing of the arrhythmia may occur. Patients who have evidenced prolongation of the 


a Q-T interval in response to quinidine may be at particular risk. As with other Type 
1A antiarrhythmics, disopyramide has been associated with torsade de pointes. 
B.I.D. If Q-T prolongation greater than 25% is observed and if ectopy continues, 


' A the patients should be monitored closely, and discontinuation of Norpace or 
diso ramide hos hate Norpace CR considered. In rare instances significant hypoglycemia has been 
Dy D D reported during Norpace therapy. The concomitant use of Norpace or Norpace CR 
with other Type 1 antiarrhythmic agents and/or propranolol should be reserved for 
exten e -release) patients with life-threatening arrhythmias who are demonstrably unresponsive to 
single agent antiarrhythmic therapy. Such use may produce serious negative 
inotropic effects, or may excessively prolong conduction. Patients receiving more 
than one antiarrhythmic drug must be carefully monitored. If first-degree heart 
" block develops, the dosage of Norpace or Norpace CR should be reduced. If the 
Predictable monothera py block persists, continuation of Norpace or Norpace CR must depend upon an 
assessment of benefit versus risk. Development of second- or third-degree AV 


block or uni-, bi-, or trifascicular block requires discontinuation of drug unless the 





e Effective fi rst-line antiarrhyth m iC control ventricular rate is adequately controlled by a pacemaker. Because of its anticholin- 
P ge B ergic activity, disopyramide phosphate should not be used in patients with glau- 
com pa rable to th at of qui n id Ine. coma, myasthenia gravis, or urinary retention unless adequate overriding measures 


are taken. In patients with a family history of glaucoma, intraocular pressure should - 
be measured before initiating Norpace or Norpace CR therapy. Precautions: Patients 


Predictability, short-te rm with atrial flutter or fibrillation should be digitalized prior to Norpace or Norpace CR 


administration to ensure that drug-induced enhancement of AV conduction does not allow a 


e Side effects are usually manageable. eis rod prp wert mi Ter aM 
e Not generally associated with hyper- akona, M baa ird jio: ee ilies oft anis pasta 

sensitivity reactions. aot he et aes ae a e 
e Low incidence of proarrhythmia.”* vier adi de Macs er ona viol vidua oe reek 


mended for patients with severe renal insufficiency. Antiarrhythmic drugs may be ineffective 
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in patients with hypokalemia, and their toxic effects may be enhanced in patients with 
Pre d icta B j ! Ity, lo n g -te rm hyperkalemia. Therefore, potassium abnormalities should be corrected before starting 


Norpace or Norpace CR therapy. Concomitant administration of disopyramide phosphate with 


e Few late-appeari ng ad verse reaction S phenytoin or other hepatic enzyme inducers may cause lower disopyramide plasma levels. 
Concomitant administration with other antiarrhythmics may cause excessive widening of the 
i ORS complex and/or prolongation of the Q-T interval. Concomitant administration with 
such as lu pus Or ag ran ulocytosis. quinidine resulted in slight increases in disopyramide levels and slight decreases in quinidine 
E. i levels. Pregnancy Category C. Norpace was associated with decreased numbers of implanta- 
° Low d rop out rate as com pared with tion sites and decreased growth and survival of pups when administered to pregnant rats at 
u j n id | ne 8 250 mg/kg/day, a level at which weight gain and food consumption of dams were also 
q . reduced. Increased resorption rates were reported in rabbits at 60 mg/kg/day. Safe use in 
; ; pregnancy has not been established. Disopyramide has been found in human fetal blood. 
© Established safety profile th roug h 12 years Norpace has been reported to stimulate contractions of the pregnant uterus. Use of 
f Norpace or Norpace CR in pregnant women requires that the potential benefit be weighed 
OT u se. against possible hazards to the fetus. Effects of Norpace or Norpace CR on the fetus during 


delivery or on the course of labor and delivery are unknown. Following oral administration, 
disopyramide has been found in human milk at a concentration not exceeding that in plasma. 


References: 1. Velebit V, Podrid P, Lown B, et al: Aggravation and pro- Because of the potential for serious adverse reactions in nursing infants from Norpace or 
; ; ; ; ; ; ; orpace CR, a decision should be made whether to discontinue nursing or discontinue the 
vocation of ventricular arrhythmias by antiarrhythmic drugs. Circulation N CR, a d hould be made whether to d d h 
; l j : drug, taking into account the importance of the drug to the mother. Adverse Reactions: 
1982:65:886-894. 2. Poser RF, Podrid PJ, Lombardi F, et al: Aggravation of Dry mouth, urinary hesitancy, constipation, blurred vision, dry nose/eyes/throat, urinary 
arrhythmia induced with antiarrhythmic drugs during electrophysiologic retention especially in males with benign prostatic hypertrophy, urinary frequency and 
j . Q- -G: Clini i urgency, impotence, nausea, pain/bloating/gas, anorexia, diarrhea, vomiting, nervousness, 
testing. Am Heart J 1985;110 (July):9-16. 3. Ekelund L-G: Clinical experience 
ith trnlied-rel di ide. Practical Cardiol ial i dizziness, general fatigue/muscle weakness, headache, malaise, aches/pains, hypotension, 
with controlled-reiease Isopyrami e. Practica an iology (special issue), congestive heart failure, cardiac conduction disturbances, edema/weight gain, shortness of 
June 1988, pp 38-42. 4. DiBianco R, Larca LJ, Singh SN, et al: A compre- breath, syncope, chest pain, generalized rash/dermatoses, itching, hypokalemia, elevated 
hensive clinical review of the standard, oral antiarrhythmic agents. Cardio- cholesterol/triglycerides, depression, insomnia, dysuria, numbness/tingling, elevated liver 
‘RQ: 4 : enzymes, AV block, elevated BUN, elevated creatinine, decreased hemoglobin/hematocrit, 
vasc Rev Rep 1985;6:625-646. 5. Henningsen NC, Cederberg A, Hanson A, and hypoglycemia. Acute psychosis, cholestatic jaundice, and agranulocytosis, all three 
et al: Effects of long-term treatment with procaine amide: A prospective reversible, have been reported, as have fever, respiratory difficulty, thrombocytopenia, and 
study with special regard to ANF and SLE in fast and slow acetylators. gynecomastia. Some cases of lupus erythematosus (LE) symptoms have occurred, mostly in 
‘ x patients switched from procainamide to disopyramide following the development of LE 
Acta Med Scand 1975; suppl 198, pp 475-482. 6. Kosowsky BD, Taylor J 
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Effect of Elective Hospitalization on Plasma Lipoprotein Cholesterol 
and Apolipoproteins A-I, B and Lp(a) 


Jacques J. Genest, MD, Judith R. McNamara, MT, Jose M. 


Ordovas, PhD, Sarah Martin-Munley, PhD, 


Jennifer L. Jenner, BSc, John Millar, BSc, Deeb N. salem, MD, and Ernst J. Schaefer, MD 


Pp lasma lipoproteins and apolipoproteins are subjects 

of interest because of their association with coronary 
artery disease. Elevations of total and low-density lipo- 
protein (LDL) cholesterol and the main apolipoprotein 
constituent of LDL, apolipoprotein B, are associated with 
an increased risk of coronary artery disease. Similarly, 
elevated plasma levels of Lp(a) are seen more frequently 
in patients with premature coronary artery disease. Con- 
versely, low levels of high-density lipoprotein (HDL) cho- 
lesterol and its major protein constituent, apolipoprotein 
A-I, are also associated with an increased risk of coronary 
artery disease.!-5 

Many studies linking lipoprotein and apolipoprotein 
levels are case-controlled where patients are diagnosed by 
coronary angiography.*> Despite technologic advances 
made in the last 2 decades in noninvasive cardiology, 
angiography remains the method of choice for the diag- 
nosis of coronary artery disease. We have previously re- 
ported data on 88 patients sampled at coronary angiogra- 
phy and in the free-living state and found that HDL 
cholesterol was significantly lower when sampled in-hos- 
pital To extend these findings and examine apolipo- 
proteins A-I, B and Lp(a), we prospectively sampled pa- 
tients who underwent elective coronary angiography and 
then returned for blood sampling in the free-living state. 
Use of certain medications, especially 8 blockers and 
diuretics, can alter lipid levels. Major surgery, physical 
exercise and acute myocardial infarction can alter these 
levels as well.^5 We therefore attempted to offset the 
presence of 8 blockers and other medications. 

All patients underwent elective coronary angiography 
at the New England Medical Center Hospital; 72 pa- 
tients were sampled at the time of arteriotomy, before 
Systemic heparinization and again in the free-living state 
at least 30 days after cardiac catheterization (mean 180 
+ 115 days, median 165, range 30 to 585). Mean (+ 
standard deviation) age was 51 + 7 years. This group 
was made up of 7 women (10%) and 65 men (90%). All 
patients had significant premature coronary artery dis- 
ease (>50% stenosis of a major epicardial coronary ar- 
tery). None of the patients had a myocardial infarct or 
surgery in the 6 weeks before the procedure. Patients 
were asked to return as part of studies on genetic factors 
related to premature coronary artery disease. Both sam- 
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plings were done after an overnight fast lasting 12 to 14 
hours. Blood was drawn in tubes containing ethylenedia- 
minetetraacetic acid to a final concentration of 0.15 g/dl. 

Plasma total cholesterol and triglycerides were mea- 
sured enzymatically. HDL cholesterol was measured af- 
ter Dextran-magnesium precipitation as previously de- 
scribed.’ Our laboratory participates in the Centers for 
Disease Control Lipid Standardization Program and 
meets the performance requirements for standardized 
lipid measurements. Apolipoprotein B and A-I were 
measured by specific enzyme-linked immunosorbent as- 
says'°; LDL size was determined on 2-16% polyacryl- 
amide nondenaturing gradient gels. The gels were 
scanned by a laser densitometer and integrated; 7 bands 
were recognized, corresponding to LDL sizes 1 to 7. Be- 
cause many patients had multiple LDL subfractions a 
“weighed” LDL size was obtained by normalizing the 
scanned data and calculating an average LDL size, based 
on the percent area of each band, as previously de- 
scribed.!! The presence of elevated Lp(a) levels was de- 
termined on the 2-16% sizing gels as a discrete band 
migrating above the LDL bands. A value of 1 was as- 
signed if a band was seen and 0 if it was not seen. This 
method identifies Lp(a) values »40 mg/dl reliably and is 
also a useful screening tool for Lp(a).!! 

Statistical analysis was performed on a VAX 11 /780 
computer (Digital Equipment Corp.), using the database 
RS/1 (BBN software). Paired t test analysis was per- 
formed on parameters at the time of cardiac catheteriza- 
tion and in the free-living state. Nonparametric variables 
(by Kolmogorov-Smirnoff analysis) were logo trans- 
formed. Chi-square analysis was used to assess differ- 
ences in Lp(a) frequency between groups. Unpaired t test 
and Student-Newman-Kuels tests were used to deter- 
mine the effects of 8-blocker drugs, using the SAS pack- 
age (Statistical Analysis System, Inc.). To assess the 
effects of age and B blockers on lipid levels with respect 
to the time of sampling, multivariate analysis was per- 
formed using a general linear model procedure. Age was 
dropped from the model because it had no impact on 
lipid values in this patient population. 

We compared lipids, lipoproteins, apolipoproteins 
and LDL particle size at the time of cardiac catheteriza- 
tion and in the free-living state. No significant changes 
were noted in the following: total cholesterol (196 + 36 
vs 195 + 39 mg/dl, p = 0.899); triglycerides (173 + 73 vs 
173 + 94 mg/dl, p = 0.994); very low-density lipoprotein 
cholesterol (34 + 15 vs 35 + 19 mg/dl, p = 0.877); LDL 
cholesterol (128 + 35 vs 125 + 35 mg/dl, p = 0.639) and 
apolipoprotein B levels (103 + 30vs 110 + 29 mg/dl, p = 
0.051). HDL cholesterol was significantly lower at the 
time of coronary angiography (33 + 9 vs 37 +8 mg/dl, p 
<0.001), as was apolipoprotein A-I (105 + 23 vs 117 € 
24 mg/dl, p <0.005) (Table I). 
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TABLE I Effect of Hospitalization on Plasma Lipid, 
Lipoprotein and Apolipoportein Levels in 72 Patients 


Free-Living 
State 


195 + 39 
173+ 94 


Catheterization p Value 


Total cholesterol (mg/ dl) 196 + 36 
Triglycerides (mg/dl) 173 € 73 
Log;otriglycerides (mg/dl) 2.19 X 0.2 
VLDL cholesterol (mg/ dl) 34415 
LDL cholesterol (mg/dl) 128+ 35 
HDL cholesterol (mg/dl) 33419 
ApoB (mg/dl) 
Apo A-I (mg/dl) 
LDLsz (n = 42) 
Lp(a) (n = 53) 

Apo A-I = apolipoprotein A-I; ApoB = apolipoprotein B-100; HDL = high-density 


lipoprotein; LDL = low-density lipoprotein; LDLsz = low-density lipoprotein size; Lp(a) 
= lipoprotein Lp(a); VLDL = very low-density lipoprotein. 





In 53 patients (74%), LDL size and the presence of 
elevated Lp(a) were determined both at the time of coro- 
nary angiography and in the free-living state. Weighted 
LDL particle size did not differ between samplings (3.91 
vs 3.76, p = 0.142). The presence of an Lp(a) band was 
not affected by in-hospital sampling (35.8 vs 45.3%, p = 
0.418). 

Beta-adrenergic blocking drugs may affect lipopro- 
tein cholesterol and apolipoprotein levels. The effect of 8 
blockers was assessed separately in univariate analysis 
and then as a convariable. The use of 8 blockers was 
associated with higher triglycerides at the time of cardi- 
ac catheterization (150 + 60 vs 190 + 78 mg/dl, p = 
0.048) but not in the free-living state (190 + 110 vs 154 
+ 119 mg/dl, p = 0.072). No significant effects were 
observed by covariate analysis on total cholesterol, LDL 
cholesterol, apolipoprotein B or apolipoprotein A-I. 
HDL cholesterol was decreased in patients taking B 
blockers at the time of cardiac catheterization compared 
with those not taking the drug. No such effect of B 
blockers on HDL was observed in the free-living state. 

The changes observed in HDL cholesterol and apo- 
lipoprotein A-I were not due to the length of time be- 
tween samplings. We correlated the change in HDL and 
apolipoprotein A-I levels with the interval between sam- 
plings (in days). The correlation coefficients were 0.039 
and 0.037, respectively (difference not significant). Body 
weight between patients did not change significantly dur- 
ing the sampling interval. Mean weight at catheteriza- 
tion was 82.8 and 81.8 kg in the free-living state (p — 
0.211). After the correction for B-blocker use was made, 
HDL cholesterol and apolipoprotein A-I differed signifi- 
cantly between the values found at the time of cardiac 
catheterization and those found in the free-living state. 

Variations in plasma triglycerides, cholesterol, free 
fatty acids and apolipoproteins have been known to occur 
in stressful situations such as surgery, infections, trauma 
and acute myocardial infarction. Recently, we have 
shown that elective hospitalization may cause a decrease 
in HDL cholesterol without associated changes in LDL 
cholesterol or triglyceride levels.° Many studies have re- 
ported plasma lipoprotein cholesterol and apolipoprotein 
levels in patients with angiographically documented coro- 
nary atherosclerosis. In many cases, blood was drawn on 
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hospitalized patients at the time of catheterization. We 
prospectively sampled a group of patients to assess the 
effect of in-hospital sampling to determine if it could 
produce a confounding effect on lipid parameters. 

In this study we have shown that HDL cholesterol and 
apolipoprotein A-I are decreased during elective admis- 
sion, after corrections for other factors are made (interval 
between sampling, use of 8 blockers, body weight and 
age) by multivariate analysis. Total cholesterol, LDL 
cholesterol, apolipoprotein B and LDL particle size did 
not change significantly, nor did the prevalence of elevat- 
ed Lp(a), as determined by gradient gel electrophoresis. 
Variation in lipoprotein cholesterol and apolipoprotein 
levels in the setting of acute myocardial infarction is well 
established. A decrease in LDL cholesterol and HDL 
cholesterol as well as an increase in triglycerides has been 
noted. In this study, patients with acute myocardial in- 
farction, surgery or trauma were excluded. In an elective 
setting one would not expect significant changes in lipid 
status. However, circumstances leading to coronary angi- 
ography are stressful. Most patients who undergo cardiac 
catheterization and coronary angiography do so because 
of increasing symptoms. Apprehension about the forth- 
coming procedure may be another factor. The effects 
noted on HDL cholesterol and apolipoprotein A-I are 
most likely due to a stress effect, similar to the one ob- 
served during acute myocardial infarction, but to a lesser 
extent. It is likely that the clinical circumstances sur- 
rounding the procedure may affect the patients in a num- 
ber of ways; their diet may change acutely without pro- 
ducing a discernible weight loss. Patients may be expect- 
ed to change their dietary habits, exercise levels and 
smoking patterns after an angiographic diagnosis of coro- 
nary artery disease although we did not control for these 
variables. However, body weight did not change and no 
relation was found between the interval between sam- 
plings and the magnitude of change of lipoprotein choles- 
terol or apolipoproteins. Furthermore, LDL cholesterol 
and triglyceride levels did not change significantly. 

The effect of sampling patients in-hospital causes one 
to underestimate both HDL cholesterol and apolipopro- 
tein A-I by approximately 10%. A low HDL cholesterol 
level («35 mg/dl) is considered an independent risk fac- 
tor for coronary atherosclerosis, according to the Na- 
tional Cholesterol Education Program Guidelines.'? In- 
hospital sampling may cause one to overestimate the 
frequency of hypoalphalipoproteinemia and of low apoli- 
poprotein A-I states. We conclude that blood samples for 
determination of lipoprotein cholesterol and apolipopro- 
tein level should be done in the free-living state. In epide- 
miologic studies, one should make corrections for this 
confounding factor. 
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Intravenous Amiodarone Versus Verapamil for Acute Conversion 
of Paroxysmal Atrial Fibrillation to Sinus Rhythm 


Marko Noc, MD, Dusan Stajer, MD, and Matija Horvat, MD, PhD 


ooo and verapamil are well-known anti- 
arrhythmic drugs used for treatment of ventricular 
and supraventricular arrhythmias. Although verapamil is 
the drug of choice for control of the atrioventricular node, 
it has also been reported to terminate atrial fibrillation. !-3 
Amiodarone has been used extensively for drug-refracto- 
ry ventricular tachycardia but seldom for termination of 
paroxysmal atrial fibrillation.*5 To our knowledge, no 
comparative study with amiodarone and verapamil has 
been reported. Because of this, we compared the efficacy 
of intravenous amiodarone versus verapamil for conver- 
sion of paroxysmal atrial fibrillation to sinus rhythm in a 
single-blind randomized study. 

The patient population consisted of 24 consecutive 
patients with paroxysmal atrial fibrillation (15 men and 
9 women aged 71 + 9.6 years, range 51 to 85). The 
duration of arrhythmia ranged from 20 minutes to 48 
hours at entry to the study. The mean ventricular rate 
was 125 + 27 beats/min. There was no statistically sig- 
nificant difference in age, sex, heart rate, duration of 
arrhythmia before arrival and incidence of different 
heart disease between the amiodarone and verapamil 
groups. Exclusion criteria were known or suspected con- 
duction disturbances, including preexcitation; sick sinus 
syndrome; hyperthyroidism; concomitant therapy with 
antiarrhythmic drugs; arrhythmia-related systemic ar- 
terial hypotension; and any sign of heart failure. 

Medical history, clinical examination, routine labo- 
ratory testing and a 12-lead electrocardiogram were per- 
formed. Informed consent was obtained and patients 
were treated with either amiodarone (5 mg/kg body 
weight intravenously over a 3-minute period) or verapa- 
mil (0.075 mg/kg intravenously over a 1-minute period, 
repeated after 10 minutes). Whether the patient received 
amiodarone or verapamil was determined randomly. 
Treatment was considered successful if conversion oc- 
curred within 3 hours after administration of the drug. 
An alternative drug was given and observation time was 
prolonged for an additional 3 hours, but only if the 
initially randomized drug failed to convert the atrial 
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TABLE I Rate of Conversion to Sinus Rhythm after 
Antiarrhythmic Treatment 








Atrial Fibrillation 





Amiodarone 








Verapamil 

Amiodarone / verapamil 1/3 

Verapamil /amiodarone 7/11 64 
Total amiodarone 17/24 7* 
Total verapamil 1/14 " 





* p «0.001 vs verapamil. 


rhythm for a 3-hour period. Each patient's rhythm was 
observed on a monitor and recorded on a tape (DMI 
Holter recorder) during observation time or until conver- 
sion took place. Systemic blood pressure was measured 
noninvasively every 5 minutes and in cases of hypoten- 
sion, every minute. The protocol was approved by the 
state ethics committee. The data were analyzed by 
means of Student's t test for unpaired variables and 
Fisher's test for attributive variables. 
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FIGURE 1. Time to conversion of paroxysmal atrial fibrillation 
to sinus rhythm after treatment with amiodarone. 





THE AMERICAN JOURNAL OF CARDIOLOGY MARCH 1, 1990 679 


Bee A aoe 2n ee a ae  —— E a 


None of the 11 patients who were initially given vera- 
pamil converted to sinus rhythm. However, 77% (10 of 
13) of patients who initially received amiodarone con- 
verted to sinus rhythm (p <0.001). Amiodarone also 
seems to be more effective as a second drug but the 
difference is not statistically significant (Table I). The 
conversion occurred 10 to 175 minutes after administra- 
tion of amiodarone (Figure 1). At the time of conversion 
a variety of electrocardiographic manifestations was ob- 
served (ventricular premature beats, nodal premature 
beats, transient first-degree atrioventricular block, tran- 
sient atrial flutter, pause of up to 1.1 seconds); none of 
these manifestations showed a malignant character or 
were noticed by the patients. Marked adverse effects 
occurred in 1 patient treated with verapamil (slowing of 
the ventricular response to 45 beats/min and transitory 
decrease of systemic arterial pressure from 150/90 to 85/ 
65 mm Hg, which lasted about 5 minutes) and in 1 
patient treated with amiodarone (a decrease of systemic 
arterial pressure from 140/90 to 80/60 mm Hg without 
bradycardia, which lasted about 4 minutes). 

Despite differences in electrophysiologic profile, in- 
travenous amiodarone and verapamil are both used for 
treatment of patients with paroxysmal atrial fibrillation 
to slow ventricular response or to promote conversion to 
sinus rhythm.!-$ The antifibrillatory effect of intravenous 
amiodarone has already been demonstrated in animal 
experiments’ and may be due to an increase in atrial 
action potential and the duration of an effective refracto- 
ry period.?6 Verapamil might promote conversion by a 
possible primary antifibrillatory effect or by an improve- 
ment of hemodynamic state due to slowing of the heart 
rate.? 


The results of our study show that amiodarone is more 
effective for conversion than verapamil using the usually 
recommended and previously reported doses.!2^6 The 
overall success rate of amiodarone was 71%, which is 
better than previously reported success rates.^ The rea- 
son for this might be a shorter duration of arrhythmia in 
our patients (<48 hours) and a longer observation time. 
The antifibrillatory action of verapamil has not been 
proved in our study. 

The side effects of both drugs, with respect to contra- 
indications, have been rare and have not required discon- 
tinuation or additional treatment. 

In conclusion, we consider intravenous amiodarone as 
an effective and safe antiarrhythmic agent in promoting 
conversion of paroxysmal atrial fibrillation to sinus 
rhythm. 
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Effects of Nicardipine on Left Ventricular Dimensions and 
Hemodynamics in Systemic Hypertension 


Çigdem Gökçe, MD, Aysel Oram, MD, Sirri Kes, MD, Erdem Oram, MD, and Sevket Ugurlu, MD 


icardipine is a new calcium antagonist with po- 

tent vasodilatory action.! The improvement of cardi- 
ac hemodynamics in animals? is 1 example of the many 
promising properties of this drug, which will expectedly 
lead to its increasing use for the treatment of many car- 
diovascular disorders, ranging from hypertension to heart 
failure and from coronary to peripheral vascular disease. 
Preliminary human trials have also demonstrated an in- 
crease of the cardiac pumping ability in subjects with 
normotension,? hypertension,’ heart failure? and coro- 
nary artery disease,° but most of them have evaluated the 
short-term effects occurring immediately after the paren- 
teral administration of nicardipine. The aim of this echo- 
cardiographic study was to determine the influence of 
long-term oral nicardipine therapy on cardiac dimensions 
and hemodynamics in patients with mild to moderate 
essential hypertension. 
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Eighteen patients (4 men, 14 women) with the follow- 
ing characteristics were selected: age (mean + standard 
error) 48 + 2 years (range 33 to 59), hypertensive for 36 
+ 11 months, without any systemic, metabolic or endo- 
crinologic disease or evidence of major target organ im- 
pairment and previously shown to have no cardiovascu- 
lar disorder other than mild (10 patients, diastolic pres- 
sure <105 mm Hg) to moderate (8 patients, diastolic 
pressure <115 mm Hg) essential hypertension. The pre- 
requisites for acceptance were a supine resting blood 
pressure 2140/05 mm Hg (diastolic blood pressure 
<115 mm Hg) on 3 separate occasions and the elimina- 
tion of secondary hypertension by routine screening. The 
supine resting blood pressure at the beginning of the trial 
was 161 + 4/104 + 2 mm Hg. Seven patients had never 
been treated for hypertension and the rest had tried vari- 
ous antihypertensives. Informed consent was obtained 
from all patients. 

The protocol was approved by the hospital ethical 
committee. All medication was stopped 2 weeks before 
the placebo-controlled trial. The subjects received place- 
bo (identical in appearance to nicardipine) in the first 2 





Before 
Placebo 








Parameter 






DPWT (cm) 0.88 + 0.02 
SPWT (cm) 1.76+0.02 
Diastolic septum thickness (cm) 0.85 + 0.02 
LVEDD (cm) 4.95+0.11 
LVESD (cm) 2.8+0.2 
Fractional shortening (%) 39.3 2 0.8 
LVEDV (ml) 11149 
LVESV (ml) 36 +3 
Ejection fraction (%) 7041 
Stroke index (ml/m?) 4543 
Cardiac index (liters /min /m?) 3.58 + 0.22 
TPR (dynes/s/cm-5) 1669 + 103 
Ejection time (s) 0.291 + 0.003 
Fiber-shortening rate (s-!) 1.35 + 0.04 
End-systolic stress (mm Hg) 58 +3 

LV mass (g) 175411 





All values are the mean + s 
à p «0.05; t p «0.01. 


PWT = diastolic posterior wall thickness; LV = left ventricle: LVEDD = 


weeks and nicardipine hydrochloride 20 mg in the next 4 
weeks, each given orally at 8-hour intervals. Follow-up 
was done on an outpatient basis. The goal of therapy was 
a supine resting blood pressure <] 40/90 mm Hg. Blood 
pressure measurement with a standard mercury sphyg- 
momanometer and echocardiographic examination were 
performed at the beginning and end of the placebo period 
and at the end of each week of nicardipine treatment. 

Echocardiograms were obtained using standard tech- 
niques with a Toshiba Sonolayer SSH 60 echocardio- 
graph and a 2.25-M Hz transducer with a diameter of 1 
cm. Echocardiographic views and simultaneous electro- 
cardiographic tracings were recorded on videotape and 
interpreted at the end of the study by a blinded reviewer. 
Echocardiographic data were determined from stop- 
frames recorded at the equivalent of 100 mm/s paper 
speed. Measurements pertaining to M-mode echocardi- 
ography were done according to the recommendations of 
the American Society of Echocardiography and used to 
calculate the left ventricular (LV) fractional shortening, 
end-diastolic volume, end-systolic volume and stress, 
ejection fraction and fiber-shortening rate, as well as the 
stroke and cardiac index and total peripheral resistance 
were calculated as well with the help of standard formu- 
las.^-? The Penn convention was used to determine LV 
mass; the value indicating hypertrophy was accepted as 
135 g in men and 110 g in women.!? 

Two-dimensional echocardiography was performed 
to detect structure and motion abnormalities of the 
heart. 

Doppler echocardiographic views were obtained at 
the level of the mitral and aortic valves with the pulsed- 
wave method. Mitral peak velocities were measured in 
early (E peak velocity) and late (A peak velocity) dias- 
tole! The A:E peak velocity ratio was calculated. In 
addition, mitral early flow, late diastolic flow, early 
diastolic deceleration time as well as aortic peak velocity 
and total ejection, acceleration and deceleration time 
were also determined.!! 

All results were expressed as the mean + standard 


TABLE I M-Mode Echocardiographic Findings of the 18 Patients 


tandard error of mean; levels of significance relate to differences from end-placebo values. 


left ventricular end-diastolic diameter; LVEDV = left ventricular end-diastolic volume; LVESD left 
ventricular end-systolic diameter; LVESV = left ventricular end-systolic volume; SPWT = systolic posterior wall thickness; TPR = total peripheral resistance. 








After 
Placebo 


0.89 + 0.03 


After 
Nicardipine 


0.85 + 0.02* 







































1.72 + 0.03 1.73 + 0.03 
0.88 + 0.02 0.83 + 0.02* 
5.00 + 0.10 5.04 + 0.11 
3.1 £0.1 3.0 + 0.1 
39.0 + 0.9 39.2 + 1.0 
11915 122 +6 
37.45 3742 
6941 69 +1 
48 +2 49+2 
3.61 + 0.19 3.60 + 0.17 
1672+ 92 1382 + 98! 
0.300 + 0.004 0.301 + 0.004 
1.29 + 0.03 1.30 + 0.02 
62t3 90 + 3! 
183111 171219 










error of the mean. Paired data were tested using Stu- 
dent's t test. The limit of statistical significance was set 
at p «0.05. 

No statistically relevant change was observed in any 
parameter with placebo. Differences between the values 
obtained at the end of each week of nicardipine treatment 
were not significant. Therefore, the nicardipine results at 
the end of treatment were compared to placebo. 

The goal of therapy was achieved in 15 patients 
(83%) and the supine blood pressure decreased from 162 
+ 4/105 + 2 to 131 + 2/89 + 2 mm Hg and the mean 
blood pressure decreased from 124 x 2 to 103 + 2 mm 
Hg (p «0.001 for systolic and diastolic pressures) with 
nicardipine. 

The heart rate at the end of the nicardipine period 
was 72 + 2 beats/min; this difference was not statistical- 
ly significant from placebo. Similarly, body weight and 
area were not changed by nicardipine. 

M -mode echocardiographic findings are listed in Ta- 
ble I. At the end of 4 weeks of nicardipine therapy, 
statistically significant differences from placebo were 
noted in end-diastolic posterior LV wall and ventricular 
septum thickness, total peripheral resistance index and 
end-systolic stress. There were no statistically relevant 
differences noted in LV end-diastolic and end-systolic 
diameter, LV volume, fractional shortening, ejection 
fraction and time, stroke and cardiac index, systolic 
posterior wall thickness and fiber-shortening rate. Six- 
teen patients were found to have LV hypertrophy. The 
LV mass was not affected by nicardipine. Two-dimen- 
sional echocardiographic views were unremarkable on 
each occasion. 

Doppler echocardiographic results are listed in Table 
II. An important increase of the mitral E peak velocity, 
and decrease of the A peak velocity, A:E ratio and early 
diastolic deceleration time were observed after treatment 
With nicardipine; the early and late diastolic mitral flow 
time and aortic parameters were not affected. 

The impressive decreases in blood pressure and total 
peripheral resistance observed during this study are com- 
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TABLE li Doppler Echocardiographic Results of the 18 
Patients 














After 
Nicardipine 


After 
Placebo 


Before 


Parameter Placebo 



































Mitral E peak 0.57 + 0.02 0.57 + 0.03 0.62 + 0.02* 
velocity (m/s) 
A peak velocity 0.59 + 0.03 0.58 + 0.03 0.54 + 0.02* 
(m/s) 
A:E 1.06 + 0.06 1.05 + 0.06 0.90 + 0.06! 
EDDT (ms) 116 € 12 122 € 14 76 X 4i 
EDFT (ms) 217 € 12 225 X11 231 17 
ADFT (ms) 14145 147 +6 155 x7 
Aortic A peak 0.93 + 0.05 0.92 + 0.04 0.86 + 0.04 
velocity (m/s) 
Total ejection 330 + 7 291+5 291+6 
time (ms) 
Acceleration 106 + 6 96 +3 101 +6 
time (ms) 
Deceleration 194+8 195+5 190+5 
time (ms) 


Values are the mean + standard error of mean; significance levels relate to compar- 

isons with end-placebo results. 

* p «0.025; ! p <0.005. 
ADFT = late diastolic flow time; EDDT = early diastolic deceleration time; EDFT = 

early diastolic flow time. 





patible with the results obtained by previous workers"? 
and can be readily explained by the strong vasodilatory 
action of nicardipine described by Takenaka et al! and 
others. Since the LV end-systolic diameter and systolic 
posterior wall thickness were not affected by nicardipine, 
the lowered systolic blood pressure can be regarded as the 
sole cause of the reduction encountered in end-systolic 
stress. 

The lack of a significant increase in heart rate seems 
to be the main factor responsible for the unaffected cardi- 
ac index in our study. It is known that the heart rate 
increases immediately after a short-term dose of nicardi- 
pine^ but returns to normal with long-term use, probably 
due to baroreceptor adaptation as suggested by Young et 
a]. Although augmentation of the cardiac index has 
been demonstrated in subjects with normotension,? 
hypertension,* heart failure? and coronary artery dis- 
ease, this could have been due to an elevated heart rate 
since previous studies have generally considered the 
short-term effects of parenteral nicardipine. This param- 
eter could be expected to return to normal in correlation 
with the heart rate, with continued use. Our results sup- 
port this view but some trials refute it. Fujita and Noda!’ 
have stated that the stroke and cardiac index remained 
high at the end of 6 weeks of 60 mg/day oral nicardipine 
therapy; an important increase in the heart rate was not 
seen at the time of this observation. Lahiri et al? reported 
similar results for patients with heart failure. Neverthe- 
less, since the subject groups of the previously mentioned 
studies were smaller than ours, it appears that the influ- 
ence of nicardipine on cardiac index during long-term 
treatment needs further evaluation. 

Of particular importance are the decreases noted for 
end-diastolic posterior LV wall and septum thickness 
with nicardipine. Although a statistically significant al- 
teration in LV mass was not encountered, these changes 
bring to mind the possibility of the regression of LV 
hypertrophy with the long-term use of this drug. Such an 
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effect has been suggested for various calcium channel 
blockers but has not been reported for nicardipine. 

The trend that emerged during the Doppler follow-up 
of our patients was very interesting. Previous workers 
dealing with the transmitral flow parameters of hyperten- 
sive subjects have shown a decrease of E peak velocity and 
an increase of A peak velocity, A:E ratio'* and early 
diastolic deceleration time!! in contrast to normotensive 
controls. These changes have been accepted as an expres- 
sion of the increased stiffness, decreased compliance and 
abnormal filling of the LV accompanying elevated blood 
pressure.!! Therefore, the reversal of these findings after 
nicardipine treatment in this trial can be interpreted as a 
reflection of an increase in LV compliance. 

Lambert et al!5 have demonstrated that the short- 
term effect of parenterally administered nicardipine is to 
cause an increase in aortic peak flow and acceleration 
time. Aortic Doppler parameters were not altered at the 


end of 4 weeks of oral treatment 1n our study; this again 
points to a difference between the short-term and long- 
term effects of nicardipine. 

We conclude that nicardipine is a highly efficacious 
antihypertensive drug that has possible beneficial effects 
in the reduction of cardiac dimensions and the augmenta- 
tion of LV compliance. The short-term increase in cardi- 
ac pumping ability seen after an intravenous dose of 
nicardipine apparently does not continue during long- 
term oral use; however, the lack of a suppressive effect 
seems certain and is valuable in itself. 
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CASE REPORT | 


Paradoxical Paroxysmal Nocturnal 





Congestive Heart Failure as a Severe 
Manifestation of the Pacemaker Syndrome 


Victor Parsonnet, MD, Mark Myers, MD, and Gershon Y. Perry, MD 


S ingle-chamber ventricular pac- 
ing remains the most frequent 
pacing method used for symptomatic 
bradyarrhythmias despite the avail- 
ability over the past 20 years of dual- 
chamber devices. In 1985 80% of 
pacemaker implants in the United 
States were single-chamber.! VVI 
pacing is effective in maintaining a 
basic acceptable ventricular rate and 
in preventing the symptoms due to 
severe bradycardia, but it may pro- 
duce a constellation of symptoms at- 
tributable to inappropriate atrial and 
ventricular sequencing called the 
pacemaker syndrome.” Evidence 
of the pacemaker syndrome can be 
found in 7 to 21% of patients with 
single-chamber ventricular pace- 
makers and may range in severity 
from vague pacing awareness to con- 
gestive heart failure. Because the 
syndrome is correctable by a change 
of pacing mode to one that restores 
atrioventricular synchrony, it is im- 
portant to identify the patient with 
symptoms due to ventricular-pace- 
maker intolerance. This report de- 
scribes an unusual and severe mani- 
festation of the pacemaker syn- 
drome, namely congestive heart 
failure paradoxically brought on by 
rest. 

RA, a 66-year-old man, first un- 
derwent pacemaker implantation 
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FIGURE 1. Electrocardiographic rhythm 
strips obtained in the Pacemaker Center. 
There is a retrograde P wave after each 
paced ventricular contraction (top). After 
implantation of a dual-chamber pace- 
maker, atrioventricular synchrony is 
restored (bottom). 





with a Cordis 148A VVI unit in July 
1974 at age 52 for periodic weakness 
due to sinus bradycardia. Other than 
mild hypertension there were no sig- 
nificant medical problems. The 
pacemaker was programmed to a 
lower-rate limit of 60 beats/min. 
Follow-up was carried out on a rou- 
tine schedule at the Newark Beth Is- 
rael Pacemaker Center. 

In June 1987 the patient present- 
ed with recent onset of paroxysmal 
nocturnal dyspnea for which aggres- 
sive medical management had been 
started, including digitalis and furo- 
semide. After cardiac catheteriza- 
tion the patient was told that he was 
developing progressive cardiac en- 
largement, probably a cardiomyopa- 
thy, and that eventually a heart 
transplant might become necessary. 
Upon further questioning it was dis- 
covered that the paroxysmal noctur- 
nal dyspnea, particularly evident 
toward the end of a night's sleep, was 
associated with a pounding sensa- 
tion in the neck and flushing of the 
face and that shortness of breath was 
only partially relieved by head ele- 
vation on 3 pillows. Furthermore, 
upon arising in the morning after a 
moment of transient dizziness, the 
patient had a complete relief of 
symptoms by walking about the 
house. During the day he enjoyed 
vigorous physical activity with no 
impairment of his ability to walk, 
run, climb stairs or even play tennis. 

On physical examination he ap- 
peared well. His blood pressure was 
122/76 mm Hg and his heart rate 
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was regular at 65 beats/min. There 
was no jugular venous distension or 
hepatojugular reflux. The lung 
fields were clear and there were no 
cardiac murmurs. Peripheral pulses 
were normal. There was no presacral 
or peripheral edema. The pacemak- 
er lay in a well-healed left infracla- 
vicular pocket. An electrocardio- 
graphic rhythm strip disclosed nor- 
mal sinus rhythm at a rate of 65 
beats/min with resultant inhibition 
of the pacemaker output. A chest x- 
ray showed no pulmonary conges- 
tion; the heart was slightly enlarged. 

When the pacemaker was repro- 
grammed to a rate of 70 beats/min, 
ventricular pacing with 1:1 retro- 
grade ventriculoatrial conduction 
was observed (Figure 1). Blood pres- 
sure decreased to 110/78 mm Hg 
and cannon A waves were intermit- 
tently visible in the neck. An inter- 
mittent grade 2 to 3/6 holosystolic 
murmur that radiated toward the 
axilla was heard at the lower left 
sternal border and apex. 

A 2-dimensional echocardio- 
graphic color Doppler study con- 
firmed the presence of significant 
mitral and tricuspid regurgitation 
during VVI pacing and also con- 
firmed the absence of valvular re- 
gurgitation during normal sinus 
rhythm. 

The pacemaker was replaced 
with a Medtronic 7005 dual-cham- 
ber pacemaker programmed to the 
DDD mode. The new atrial lead was 
a Medtronic 6957J. Thereafter, noc- 
turnal dyspnea disappeared and has 
not recurred during 2 years of clini- 
cal follow-up. A repeat 2-dimen- 
sional echocardiographic color 
Doppler study showed no evidence of 
mitral regurgitation when the pace- 
maker was programmed to DDD. 
However, this repeat study showed 
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evidence of severe mitral regurgita- 
tion when the pacemaker was pro- 
grammed to VVI (Figure 2). All car- 
diac medications were discontinued. 

The apparent paradox of a vigor- 
ously active patient presenting with 
severe paroxysmal nocturnal symp- 
toms of congestive heart failure with 
no objective cardiac abnormalities 
upon physical examination is ex- 
plained by the occurrence of a peri- 
odic severe pacemaker syndrome. 
During normal daytime activities the 
VVI pacemaker stimuli were inhibit- 
ed by a heart rate that was faster 
than the pacer's lower-rate-limit set- 
ting, but at bedrest ventricular pac- 
ing began when the sinus rate de- 
creased to below this setting. Pre- 
sumably, after some hours the 
persistent. ventriculoatrial conduc- 
tion and attendant valvular regurgi- 
tation led to symptoms of congestive 
heart failure. 

The pacemaker syndrome varies 
in severity and nature ranging from 
pulsations in the chest or neck and 
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lethargy and light-headedness to dys- 
pnea, orthopnea, orthostatic hypo- 
tension, syncope and even shock. The 
adverse manifestations of ventricular 
pacing may be apparent immediately 
after implantation or may occur 
weeks to years later. 

Of the several factors known to 
contribute to the pacemaker syn- 
drome, the most important are loss of 
the so-called *atrial kick," cannon A 
waves, mitral and tricuspid regurgi- 
tation and pulmonary venous regur- 
gitation.^* Symptoms are most se- 
vere when ventriculoatrial conduc- 
tion is persistent. The effects may be 
serious enough to produce signs and 
symptoms of congestive failure.” 

One may confirm the diagnosis 
by recording the blood pressure dur- 
ing atrioventricular synchrony and 
asynchrony, by observing cannon A 
waves, by eliciting the symptoms or 
setting the pacemaker rate below the 
basic heart rate or by applying a 
magnet to the pulse generator during 
spontaneous rhythms. Echocardiog- 
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FIGURE 2. Echocardiographic frames 
taken after dual-chamber pacemaker 
was implanted. When the pacemaker 
was programmed to VVI, there was mi- 
tral regurgitation (A). When repro- 
grammed to DDD, a frame taken at the 
same moment in the cardiac cycle 
showed abolition of mitral regurgitation 
(B) (retouched for clarity). These frames 
are shown diagrammatically in C. LA = 
left atrial cavity; LV = left ventricular 
cavity; RA = right atrial cavity; RV = 
right ventricular cavity; VA = ventriculo- 
atrial. 


raphy is a rapid, noninvasive method 
for assessing the severity of pace- 
maker-induced valvular regurgita- 
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tical Industry. We have assignments for experienced 
board certified/eligible physicians. Send your CV to 
Bruce Rogers Co., Management Consultants, 20 Main 
Street, Port Washington, NY, 11050 (516) 883-1058. 


Academic Board Certified/Board Eligible Pulmonary Specialist to assume 
a full time position to direct our University-affiliated Veterans Administra- 
tion Medical Center Pulmonary Section in Lebanon, PA. Selected candidate 
must qualify for faculty appointment in the Department of Medicine at the 
Pennsylvania State School of Medicine at Hershey, PA. Responsibilities 
include: teaching, research, patient care, supervision of University house 
staff and medical students. Starting date negotiable. Candidate should sub- 
mit a CV to J. P. Sinha, M.D., Chief, Medical Service, VA Medical Center, 
South Lincoln Avenue, Lebanon, PA 17042. Equal Opportunity Employer. 


INVASIVE CARDIOLOGIST/BC-ORLANDO: Trained in coronary angio- 
plasty, with one year cath lab experience and membership in a fellow- 
ship for three years to join busy 4-Osteopathic physician, multispecialty 
Internal Medicine Group in Orlando. Associated with both D.O. and M.D. 
hospitals. Teaching opportunities and house staff available. Benefits, 
malpractice, vacations and educational leave are all paid for. Send CV 
to Internal Medicine Group, P.A., 7212 Curry Ford Road, Orlando, FL 
32822—ATTN: JOAN RENNER, OFFICE MANAGER. 


CARDIOLOGIST—Cardiologist needed in Midwestern 
Community to Associate with busy cardiologist. Predomi- 
nantly Non Invasive, but Cath may be possible in nearby 
major center. Excellent Salary with early partnership. 
Reply Box 950, The American Journal of Cardiology, 249 
W. 17th St., New York, N.Y. 10011. 


THE CONTINENTAL —Professional Co-op office space FOR 
SALE. 70-20 108 St. Premier, prestigious building in the Heart 
of FOREST HILLS, Qns, NY. Superb location. Subwy & busses 
at your door. 24 hour attended garage, cent A/C, separate pro- 
fessional wing. 1600 S.F. will sub-divide. Call: Mr. Marvin 
Weingart, 718-793-1081. 


Title: “Interventional Cardiology: 
New Techniques and Technology” 


Date: March 17, 1990 


Location: Brent House Hotel 
(On Ochsner campus) 
New Orleans, Louisiana 


Sponsor: Alton Ochsner Medical 
Foundation 


Directors: Christopher J. White, M.D. 
Stephen R. Ramee, M.D. 


Credit: 6 hours of Category 1 AMA 


Please send all requests for information to: 


CONTINUING MEDICAL EDUCATION 
Alton Ochsner Medical Foundation 
1516 Jefferson Highway 
New Orleans, LA 70121 
(504) 838-3702 
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CARDIOLOGIST 


NON INVASIVE BC/BE INTERESTED IN ALL 
ASPECTS OF CLINICAL CARDIOLOGY. TO JOIN 
A BUSY AND RESPECTED SOLO CARDIOLO- 
GIST IN NORTH CENTRAL NORTH CAROLINA. 
EXCELLENT GROWTH POTENTIAL, SALARY, 
FRINGE BENEFITS, EVENTUAL PARTNERSHIP, 
PLEASE REPLY: BOX 1080, THE AMERICAN 
JOURNAL OF CARDIOLOGY, 249 W. 17th ST.. 
NEW YORK, N.Y. 10011. 









CARDIOLOGIST—Seeking invasive cardiologist to join busy 
two man consulting and interventional practice. Partnership 
option in two years. Excellent starting salary and retirement 
plan. Large midwest city. Excellent cultural, professional, rec- 
reational and educational opportunities. Send CV to Box 1085, 
The American Journal of Cardiology, 249 W. 17th St., New 
York, N.Y. 10011. 





THIRD CARDIOLOGIST—to join expanding HMO in 
No. California wine country. Non-invasive and invasive 
(cath, no angioplasty). Send inquiries to Roy Meyer, 
M.D., Kaiser Permanente Medical Group, 401 Bicen- 
tennial Way, Santa Rosa, CA 95403. 









NONINVASIVE ACADEMIC CARDIOLOGIST. Full-time position available in 
a university-affiliated teaching hospital. Must have experience in all nonin- 
vasive techniques including Color Flow Doppler. Hospital has active cath, 
EPS, and nuclear labs, accredited Fellowship program and open heart sur- 
gical programs. Candidate must have research and teaching experience. 
University faculty appointment required. Excellent compensation and bene- 
fits. Send CV to Steven M. Zeldis, M.D., Division of Cardiology, Winthrop- 
University Hospital, 259 First Street, Mineola, Long Island, NY 11501. 





CARDIOLOGIST —Invasive or non-invasive BC-BE to join a 
superior and growing multispecialty group in northwestern 
PA college town. Excellent living and working environment. 
Attractive salary and benefits. Send CV to Box 1015, The 
American Journal of Cardiology, 249 W. 17th St., New 
York, NY 10011. 


INVASIVE AND/OR NON-INVASIVE CARDI- 
OLOGISTS—Marshfield Clinic, a 325-physician 
multi-specialty group, is seeking invasive and/or 
non-invasive cardiologists to join its 13-member 
Cardiology Department. Currently more than 
2750 cardiac catheterizations, 600 open heart 
operations, 250 electrophysiology procedures, 
and 7500 color flow Doppler echoes are per- 
formed annually. This is an outstanding opportu- 
nity for BC/BE cardiologists. The position offers 
a starting salary of $140,000, superior fringe 
benefits, and full partnership in two years. Send 
CV with first letter to: W. Bruce Fye, M.D., 
Chairman, Department of Cardiology, Marsh- 
field Clinic, 1000 North Oak Avenue, Marsh- 
field, WI 54449. 







a Change of Address? 
Please call us 6-8 weeks in advance if you 
are moving. 
= Questions or Problems? 
Are you encountering any problems with 
your subscription? Need single copies or 
additional subscriptions? Call us toll free. 
u Gift Giving? 
The journal makes a useful, timely gift to colleagues. Simply call 
to place your orders. 


(call toll free) 1 -800-32 7-902 1 
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Chief, Pediatric Cardiology 


Applications are invited for the position of Chief of the Division of Pediatric Cardiology at the 
Schneider Children's Hospital (SCH) of Long Island Jewish Medical Center. The division has an 


We seek a candidate who is academically oriented with a distinguished record of clinical activities, 
teaching and research. The candidate should be eligible for an appointment at the level of Professor Or 
Associate Professor of Pediatrics at the affiliated medical school, must be Board Certified in Pediatric | 
Cardiology and have strong leadership qualities and demonstrated administrative skills. 


Salary will be commensurate with experience and qualifications. Applicants should forward their cur- 
riculum vitae and bibliography to: Philip Lanzkowsky, M.D., Chief of Staff, Schneider Children's 
Hospital, 270-05 76th Avenue, New Hyde Park, NY 11042. 


Schneider Children's Hospital 


Is A Division Of The 
Long Island Jewish Medical Center 


Long Island Campus for the Albert Einstein College of Medicine 
Equal Opportunity Employer 
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Lorelco provides 
important patient 
compliance benefits 


e Convenient dosage—just one 
500 mg tablet b.i.d. with meals 
e Well tolerated—the most 
frequent side effect is loose Stools, 
which occurs in about one in ten 


LCO 
patients and generally subsides LORE. 


during continued therapy. PR OBU COL 500 


See Prescribing Information for 200mg tablets b.id. with meals 
full discussion of side effects. TAKES YOU TO THE NEXT LEVEL 
e Fconomical—can offer signifi- 


OF CHOLESTEROL CONTROL 
cant cost savings vs most other 
cholesterol-lowering th erapies 


Lorelco is not an innocuous drug and strict 
attention should be paid to the Indications, 
Contraindications, Warnings, and Precautions 
sections of Prescribing Information. 


SUS E 








See Prescribing Information appearing on next page. Merrell Dow U.S.A. 


Lorelco” Tablets (probucol) 


CAUTION: Federal law prohibits dispensing without prescription. 


DESCRIPTION: Loreico (probucol) film-coated tablets for oral administration contain 250 mg or 500 mg of probucol per 
tablet. Each tablet also contains as inactive ingredients: corn starch, ethylcellulose, aa hydroxypropyl cellulose, 
hydroxypropy! methylcellulose 2910, iron oxide, lactose, magnesium stearate, microcrystalline cellulose, polysorbate 80, talc, 
and titanium dioxide. Lorelco is an agent for the reduction of elevated serum cholesterol. The chemical name is 4, 4'-[(1-methyl- 
ethylidene)bis(thio)]bis[2,6-bis(1, 1-dimethyl- 


c 
ethyl)phenol]. Its chemical structure does not VM? at jas "Miis 
resemble that of any other available cho- | 
lesterol-lowering agent. It is lipophilic. HO s-¢ =$ OH 

CH3 
(CH4)5C CIGP3ls 


CLINICAL PHARMACOLOGY: Lorelco lowers total serum cholesterol and has relatively little effect on serum triglycerides. 
Patients responding to probucol exhibit a decrease in low-density lipoprotein (LDL) cholesterol. Cholesterol is reduced not only 
inthe LOL fraction, but also in the high-density lipoprotein (HDL) fraction with toh g erect greater effect on the high-density 
rtion. Epidemiologic studies have shown that both low HDL-cholesterol and ig LDL-cholesterol are independent risk factors 
or coronary heart disease. The risk of lowering HDL-cholesterol while lowering LDL-cholesterol remains unknown. There is little 
or no effect reported on very low-density lipoprotein (VLDL). 


Studies on the mode of action of Lorelco indicate that it increases the fractional rate of LDL catabolism. This effect may be linked 
to the observed increased excretion of fecal bile acids, a final metabolic pathway for the elimination of cholesterol from the body. 
Loreico also exhibits inhibition of early stages of cholesterol biosynthesis and slight inhibition of absorption of dietary 
cholesterol. There is no increase in the cyclic precursors of cholesterol, namely desmosterol and 7-dehydrocholesterol. On this 
basis, it is concluded that Lorelco does not affect the later stages of cholesterol biosynthesis. 


Absorption of Lorelco from the gastrointestinal tract is limited and variable. When it is administered with food, peak blood levels 
are higher and less variable. With continuous administration in a dosage of 500 mg b.i.d., the blood levels of an individual 
por increase over the first three to four months and thereafter remain - constant. In 116 patients treated with Lorelco 
or periods of three months to one year, the mean blood level was 23.6 + 17.2 mcg/mL p S.D.) ranging to 78.3 mcg/mL. 
Levels observed after seven years of treatment in 40 patients yielded an average value of 21.5 + 16.5 mcq/m (+ S.D.) ranging 
to 62.0 mcg/mL. In a separate study in eight patients, blood levels averaged 19.0 mcg/mL at the end of 12 months of treatment. 
Six weeks after cessation of therapy, the average had fallen by 60%. After six months, the average had fallen by 80%. 
In December 1984, a National Institutes of Health Consensus Development Conference Panel! concluded that lowering definitely 
elevated blood cholesterol levels (specifically blood levels of LDL-cholesterol) will reduce the risk of heart attacks due to 
coronary heart disease. The effect of probucol-induced reduction of serum cholesterol or triglyceride levels, or reduction of 
HDL-cholesterol levels on morbidity or mortality due to coronary heart disease has not been established. 


INDICATIONS AND USAGE: Serious animal toxicity has been encountered with probucol. See WARNINGS and ANIMAL 
PHARMACOLOGY AND TOXICOLOGY sections. Probucol is not an innocuous drug and strict attention should be paid to the 
INDICATIONS, CONTRAINDICATIONS, and WARNINGS. 


Drug therapy should not be used for the routine treatment of elevated blood 2 for the prevention of coronary heart disease. 
Dietary therapy specific for the type of hyperlipidemia is the initial treatment of choice. Excess body weight may be an important 
factor and should be addressed prior to any drug QU E exercise can be an important ancillary measure. Contributory 
disease such as hypothyroidism or diabetes mellitus should be looked for and adequately treated. The use of drugs should be 
considered only when reasonable attempts have been made to obtain satisfactory results with nondrug methods. If the decision 
ultimately is to use drugs, the patient should be instructed that this does not reduce the importance of adhering to diet. 


The selection of patients for cholesterol-lowering drug therapy should take into account other important coronary risk factors 
Such as smoking, hypertension, and diabetes mellitus. Consideration should be given to the efficacy, safety, and compliance 
factors for each of the cholesterol-lowering drugs prior to selecting the one most appropriate for an individual patient. 

Lorelco may be indicated for the reduction of elevated serum cholestero! in patients with primary hypercholesterolemia (Types 
lla and IIb M, ? whose elevated LDL-cholesterol has not responded adequately to diet, weight reduction, and 
control of diabetes mellitus. Lorelco may be useful to lower elevated LDL-cholesterol that occurs in those patients with 
combined hypercholesterolemia and hypertriglyceridemia (Type llb) due to elevation of both LDL and VLDL, but it is not 
indicated where hypertriglyceridemia is the abnormality of most concern. After establishing that the elevation in serum total 
cholesterol represents a primary lipid disorder, it should be determined that patients being considered for treatment with Lorelco 
have an elevated LDL-cholesterol as the cause for an elevated total serum cholesterol. This may be particularly relevant for 
patients with elevated triglycerides or with markedly elevated HDL-cholesterol values, where non-LDL fractions may contribute 
Significantly to total cholesterol levels without apparent increase in cardiovascular risk. In most patients, LDL-cholesterol may 
be estimated according to the following equation: 


LDL-cholesterol = Total cholesterol — [(0.16 x triglycerides) + HDL-cholesterol] 


When total fh eee are greater than 400 mg/dL, this equation is less accurate. In such patients, LDL-cholesterol may be 
obtained by ultracentrifugation. 


It is not always possible to predict from the lipoprotein type or other factors which patients will exhibit favorable results. Lipid 
levels, including HDL-cholesterol, should be periodically assessed. 


The effect of probucol-induced reduction of serum cholesterol or triglyceride levels, or reduction of HDL-cholesterol levels on 
morbidity or mortality due to coronary heart disease has not been established 


CONTRAINDICATIONS: (See also WARNINGS and PRECAUTIONS. ) Lorelco is contraindicated in patients who are known to 
have a hypersensitivity to it. Lorelco is contraindicated in patients with evidence of recent or progressive myocardial damage or 
findings suggestive of serious ventricular arrhythmias or with unexplained syncope or syncope of cardiovascular origin. 
Loreico is contraindicated in patients with an abnormally long QT interval. 


WARNINGS: SERIOUS ANIMAL TOXICITY HAS BEEN ENCOUNTERED WITH PROBUCOL IN RHESUS MONKEYS FED AN 
ATHEROGENIC DIET AND IN BEAGLE DOGS. (SEE ANIMAL PHARMACOLOGY AND TOXICOLOGY SECTION. ) 


Prolongation of the QT interval can occur in patients on Lorelco. Serious arrhythmias have been seen in 
association with an abnormally long QT interval in patients on Loreico alone and in patients on Lorelco 
and a concomitant antiarrhythmic drug. The following precautions are deemed prudent: 


1. Patients should be advised to adhere to a low cholesterol, low fat diet at the start of treatment with Lorelco and throughout the 
treatment period. 


2. An ECG should be done prior to starting treatment and repeated at appropriate intervals during treatment. If an abnormally 
long QT interval is observed, the possible benefits and risks should be carefully considered before making a decision to 
continue Lorelco. 


Lorelco therapy should be discontinued or not started if the QT interval at an observed heart rate on a resting ECG is 
persistently more than one of the values listed below: 
QT Interval in sec (15% above the 


Observed Heart Rate upper limit of normal) * 


(beats/min) Males Females 
40 0.56 0.58 
50 0.52 0.53 
60 0.49 0.50 
70 0.45 0.47 
80 0.43 0.44 
86 0.42 0.43 
92 0.40 0.41 

100 0.39 0.40 
109 0.37 0.38 
120 0.36 0.36 
133 0.34 0.35 


3. Patients developing unexplained syncope or syncope of cardiovascular origin should have Lorelco therapy discontinued and 
should have ECG surveillance 


4. Drugs that prolong the QT interval are more likely to be associated with ventricular tachycardia after: 
a. An increase in the dose of the ano, 
b. Addition of a second drug that prolongs the QT interval (including tricyclic antidepressants, class | and III antiarrhythmics, 
and phenothiazines). 
c. Hypokalemia or hypomagnesemia. 
d. Severe bradycardia due to intrinsic heart disease or drug effects on the atrial rate (beta-blockers) or AV block (digoxin). 
e. Development of recent or acute myocardial infarction, ischemia, or inflammation. 


The use of Lorelco in patients receiving any of these drugs should be based on the conclusion that 
alternate methods of hypocholesterolemic therapy are either ineffective or not tolerated, and the poten- 
tial benefits of cholesterol lowering outweigh the risk of serious arrhythmia. 


The following conditions should be resolved or corrected prior to initiation of therapy with Lorelco: 

a. Hypokalemia 

b. Hypomagnesemia 

c. Severe bradycardia due to intrinsic heart disease or drug effects on the atrial rate (beta-blockers) or AV block (digoxin). 

d. Recent or acute myocardial infarction, ischemia, or inflammation. 
PRECAUTIONS 
General: Before instituting therapy with Lorelco, adequate baseline studies should be performed to determine that the patient 
has persistently elevated total and LDL-cholesterol levels representing a primary lipid disorder, and that the increased 
cholesterol is not due to secondary conditions such as hypothyroidism, poorly controlled diabetes mellitus, obstructive liver 
disease, nephrotic syndrome, or dysproteinemias. Serum lipid levels, including HDL-cholesterol, should be determined after an 
overnight fast before treatment, during an adequate trial of diet and weight reduction therapy prior to addition of drug therapy, 
and periodically during combined diet and drug therapy, including assessment during the first several months of drug treatment. 
A favorable trend in lipid levels should be evident ey the first three to four months of administration of Lorelco, and if 
Satisfactory lipid alteration is not achieved, the drug should be discontinued. Lorelco lowers serum total and LDL-cholesterol. 
and also lowers HDL-cholestero! in most patients with elevated LDL-cholesterol. Epidemiologic studies within hyper- 
cholesterolemic populations have shown that serum HDL-cholesterol is an independent, inversely correlated, risk factor for 
coronary heart disease (see CLINICAL PHARMACOLOGY). Human studies which will attempt to confirm or deny the hypothesis 
that drug-induced alteration in HDL-cholesterol affects cardiovascular risk are currently under evaluation. It is not known 
whether Lorelco-induced reduction of serum HDL-cholesterol will affect cardiovascular risk since no long-term, controlled 
Clinical trials of Lorelco for the prevention of coronary heart disease, similar to the LRC-CPPT (see CLINICAL STUDIES), have 
been performed. The probable benefits obtained from LDL-cholesterol reduction must be weighed against the possible risk of a 
reduction in HDL-cholesterol when assessing the response of each patient receiving Lorelco treatment. If satisfactory lipid 
alteration is not achieved, the drug should be discontinued. 


Information for Patients: The patient should be instructed to adhere to a prudent diet. Females should be cautioned against 
becoming pregnant for at least six months after discontinuing Loreico and should not breast-feed their infants during therapy 
with Lorelco. 

Laboratory Tests: The physician should schedule periodic blood lipid determinations and periodic ECGs. (See WARNINGS.) 
Elevations of the serum transaminases (SGOT, SGPT), bilirubin, alkaline phosphatase, creatine phosphokinase, uric acid, blood 
urea nitrogen, and blood rene above the normal range were observed on one or more occasions in various patients treated 
with Lorelco. Most often these were transient and/or could have been related to the patient's clinical state or other modes of 
therapy. Although the basis for the relationship between Lorelco and these abnormalities is not firm, the possibility that some of 


these are drug related cannot be excluded. In controlled trials, the incidence of abnormal laboratory values was no higher in the - 


patients treated with Lorelco than in the patients who received placebo. If abnormal laboratory tests persist or worsen, if clinical 
signs consistent with the abnormal laboratory tests develop. or if systemic manifestations occur, Lorelco should be discon- 
tinued. 


ede ripper The addition of clofibrate to Lorelco is not recommended, since the lowering effect on mean serum levels 
of either LDL or total cholesterol is generally not significantly additive and, in some patients, there may be a pronounced 
lowering of HDL-cholesterol. 


Neither oral hypoglycemic agents nor oral anticoagulants alter the effect of Lorelco on serum cholesterol. The dosage of these 
agents is not usually modified when given with Lorelco. 


Monkeys fed a high fat, high cholesterol diet admixed with probucol exhibited serious toxicity. (See WARNINGS and ANIMAL 
PHARMACOLOGY AND TOXICOLOGY sections.) Prolongation of the QT interval can occur in patients on Lorelco and serious 
arrhythmias have been seen in association with an abnormally long QT interval in " on Lorelco. The addition of a second 
drug that prolongs the QT interval (including tricyclic antidepressants, class | and III antiarrhythmics, and phenothiazines) may 
increase the risk of serious arrhythmia. (See CONTRAINDICATIONS AND WARNINGS.) 


Carcinogenesis, Mutagenesis, Impairment of Fertility — ne 
In chronic studies of two years duration in rats, no toxicity or carcinogenicity was observed. These results are consistent with 
the lack of any adverse effect on fertility and the negative findings in tests for mutagenic activity in rats 


nancy 
Teratogenic Effects 

Pregnancy —Category B: Reproduction studies have been performed in rats and rabbits at doses up to 50 times the human 
dose, and have revealed no evidence of impaired fertility or harm to the fetus due to probucol. There are, however, no adequate 
and well-controlled studies in pregnant women. Because animal reproduction studies are not always predictive of human 
response, this drug should be used during pregnancy cy if clearly needed. Furthermore, if a patient wishes to become 
pregnant, it is recommended that the drug be withdrawn and birth control procedures be used for at least six months because of 
persistence of the drug in the body for prolonged periods. (See CLINICAL PHARMACOLOGY.) 


Labor And Delivery: The effect of Lorelco on human labor and delivery is unknown. 


Nursing Mothers: It is not known whether this drug is excreted in human milk, but it is likely, since such excretion has been 
shown in animals. It is recommended that nursing not be undertaken while a patient is on Lorelco 


Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
Gastrointestinal 
diarrhea or loose stools, flatulence, abdominal pain, nausea, vomiting, indigestion, gastrointestinal bleeding 
Cardiovascular 
prolongation of the QT interval on ECG, syncope, ventricular arrhythmias (ventricular tachycardia, torsades de pointes, 
ventricular fibrillation), sudden death 
Neurologic 
headache, dizziness, paresthesia, insomnia, tinnitus, peripheral neuritis 
Hematologic 
eosinophilia, low hemoglobin and/or hematocrit, thrombocytopenia 
Dermatologic 
rash, pruritus, ecchymosis, petechiae, hyperhidrosis, fetid sweat 
Genitourinary 
impotency, nocturia 
Ophthalmic 
conjunctivitis, tearing, blurred vision 
Endocrine 
enlargement of multinodular goiter 
Idiosyncrasies 
observed with initiation of therapy and characterized by dizziness, palpitations, syncope, nausea, vomiting and chest pain 
Other 
diminished sense of taste and smell, anorexia, angioneurotic edema 
DRUG ABUSE AND DEPENDENCE: No evidence of abuse potential has been associated with Lorelco, nor is there 
evidence of psychological or physical dependence in humans 
OVERDOSAGE: There is a single report of a 15-kg, three-year-old, male child who ingested 5 g of peu Emesis was 
induced by ipecac. The child remained well, apart from a brief episode of loose stools and flatulence. No specific information 
is available on the treatment of overdosage with Lorelco and no specific antidote is available. Probucol is not dialyzable 
Treatment is symptomatic and supportive. Probucol has shown no identifiable acute toxicity in mice and rats. In these 
animals the LD., (oral) is in excess of 5 g/kg of body weight. 
DOSAGE AND ADMINISTRATION: For adult use only. The recommended and maximal dose is 1000 mg daily given in 
two divided doses of 500 mg each (two 250 mg tablets or one 500 mg tablet) with the morning and evening meals 


HOW SUPPLIED: 250 mg round, white, film-coated tablets imprinted with either the DOW diamond trademark over the 
code number 51 or LORELCO 250. Bottles of 120 (NDC 0068-0051-52) 

500 mg capsule-shaped, white, film-coated tablets, marked LORELCO 500. Bottles of 100 (NDC 0068-0053-61) 

— itin Store in a dry place. Avoid excessive heat. Dispense in well-closed light-resistant containers with child- 
resistant closure. 


ANIMAL PHARMACOLOGY AND TOXICOLOGY: In rhesus monkeys, administration of probucol in diets containing 
unusually high amounts of cholesterol and saturated fat resulted in the death of four of eight animals after several weeks 

Premonitory syncope was frequently observed and was associated with a pronounced prolongation of the QT intervals (30 to 
50% longer than that observed in untreated monkeys). Serum levels of probucol uw than 20 mcg/mL were nm 
associated with some prolongation in the QT interval in the cholesterol-fed monkey. A 75 msec or greater increase in QT intet val 
from control values was usually seen at 40 mcg/mL and above. Blood levels in humans receiving Lorelco average approximately 
20 mcg/mL and not uncommonly reach levels of 40 mcg/mL and higher. Rhesus monkeys fed normal (low fat) chow and 
receiving probucol three to thirty times the human dose equivalent achieved blood levels only one-third those of many human 
subjects. No adverse effects were detected in these monkeys over an eight-year period of continuous drug administration. In 
another study in rhesus monkeys, an epp c diet was fed for two years and daily treatment with probucol, separated in time 
from the atherogenic meal, was carried out pis be second year. Serum probucol levels ranges 20 to 50 mcg/mL in five of ten 
monkeys, and less in the remaining animals. Marked prolongation of the QT. interval in the ECG or syncopal behavior was never 
observed over the entire one-year treatment period. Regression of gross aortic lesions comparable to that observed in a parallel 
group of monkeys receiving cholestyramine was seen in animals receiving probucol. It should be emphasized that both HDL- 
cholesterol and LDL-cholesterol were markedly reduced in this pese study. During the performance of a two-year chronic 
study involving 32 probucol-treated dogs (beagles), there were 12 fatalities. d 


Subsequent experiments have indicated that probucol sensitizes the canine myocardium to epinephrine, resulting in ventricular 
fibrillation in many dogs. Among the animal species in which probucol has been studied, the dog is peculiar with respect to the 
phenomenon of sudden death due to the sensitization of the myocardium to epinephrine. In contrast to findings in the dog, 
injections of epinephrine to probucol-treated monkeys did not induce ventricular fibrillation. 


In other studies, monkeys were given probucol either before and after, or only after myocardial infarction was induced by 
coronary artery ligation. In these studies, there was no difference between probucol- and placebo-treated groups with respect to 
either survival or detailed blind quantitation of myocardial changes (gross and histopathologic). 

Probucol has shown no identifiable toxicity in mice and rats. In these animals, the LD50 (oral) is in excess of 5 g/kg of body 
weight. In chronic studies of two years’ duration in rats, no toxicity or carcinogenicity was observed 

From studies in rats, dogs, and monkeys, it is known that probucol accumulates slowly in adipose tissue. Approximately 90% of 
probucol administered orally is unabsorbed. For that which is absorbed, the biliary tract is the major pathway for clearance from 
the body and very little is excreted by way of the kidneys. 


Myocardial injury was produced in various groups of rats vi one of the following procedures: aortic coarctation, coronary 
ligation, or cobalt or rae per phe injection. After probucol administration, no deleterious effects related to treatment occurred 
as measured by survival and microscopic examination of myocardial damage. 

Probucol was administered to minipigs beginning ten days before ligation of Var! artery and continued for 60 days after 
surgery. Challenge with epinephrine at the end of 60 days failed to induce ventricular fibrillation in any of the coronary-ligated, 
probucol-treated minipigs 

CLINICAL STUDIES: In a multicenter, randomized, double-blind study, the LRC-CPPT.? hypercholesterolemic patients 
treated with an oral bile acid sequestrant (cholestyramine) and a cholesterol-lowering diet experienced average total and LDL- 
cholesterol reductions greater than those obtained in the placebo group treated with diet alone. The cumulative seven-year 
incidence of the primary end point —combined incidence of definite CHD death and/or definite nonfatal myocardial infarction — 
was 7% in the cholestyramine group and 8.6% in the placebo group. This was a 19% reduction in risk (P less than 0.05, single- 
x "D of the primary end point reflecting a 24% reduction in definite CHD death and a 19% reduction in nonfatal myocardial 
infarction. 

The subjects included in the study were middle-aged men (35-59 years old) with serum cholesterol levels at least 265 mg/dL and 
no previous history of heart disease. It is not clear to what extent these findings can be extrapolated to other segments of the 
hypercholesterolemic population not studied. 

The bile acid sequestrant, cholestyramine, was used in the above trial. Caution should be exercised in extrapolating these results 
to Lorelco since it differs from cholestyramine with regard to its mode of action, spectrum of cholesterol-lowering potency, 


morbidity or mortality due to coronary heart disease has not been established. 
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Hormone-Electrolyte Interactions in 
Congestive Heart Failure: Lessons from 
a 4,000-Year-Old Sumerian Tablet 


Milton Packer, MD 


y focus an entire supplement of The Ameri- 
W can Journal of Cardiology on the interaction 
of electrolytes and neurohormonal systems in 
patients with congestive heart failure? The topic is not 
new; physicians have recognized the importance of di- 
etary sodium and potassium in the pathogenesis and 
treatment of cardiovascular disease for over 4,000 years. 
Writing his thoughts on a baked clay tablet in about 
2,000 B.C., a Sumerian doctor recommended the addi- 
tion of potassium nitrate to a number of medicinal cures.! 
The importance of potassium in the treatment of heart 
failure was first noted by Willis? in 1679, long before a 
role for sodium in this disorder was initially proposed (in 
1831).? Even the concept of endogenous neurohormonal 
activity in heart failure is not new, having been suspected 
over 800 years ago.^ 
Why unearth such an ancient topic in 1989? Perhaps 
because some of the lessons carved on a Sumerian tablet 
4,000 years ago have been forgotten. Ask physicians what 
elements of the civilized diet contribute to the susceptibil- 
ity of modern man to cardiovascular disease, and they 
will point to cholesterol and sodium. Based on this be- 
lief, large-scale national education programs have been 
launched to teach the general public about the dangers of 
both fat and salt. Yet, these 2 factors may not be the only 
noxious components of the urbanized diet. Archeologic 
evidence suggests that prehistoric man consumed a diet 
not only low in sodium and cholesterol, but high in potas- 
sium.? In response to these dietary habits, evolutionary 
forces acting over millions of years fostered the develop- 
ment of physiologic systems that conserved sodium and 
excreted potassium. With the advent of modern society, 
however, food processing—primarily cooking and pre- 
serving—has greatly increased the sodium but decreased 
the potassium content of food." However, these dietary 
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changes have occurred over only 2,000 to 10,000 years— 
too little time for the physiologic systems that promote 
sodium retention and potassium excretion to adapt. As a 
result, modern man is not only at risk for too much 
sodium (and cholesterol) but also of too little potassium. 
Can such potassium depletion increase the risk of cardio- 
vascular disease? 

Both experimental and clinical evidence strongly sup- 
port an important role for dietary potassium in both hy- 
pertension and congestive heart failure. Experimentally, 
the morbidity and mortality of hypertensive rats can be 
exacerbated by a potassium-deficient diet, but potassium 
supplementation can prevent the development of renal 
and cerebral vascular disease in this model.5-!0 Potassium 
may achieve many of its protective effects by interfering 
with a variety of endogenous neurohormonal systems. For 
example, potassium may modify the activity of the sym- 
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pathetic nervous system by enhancing the reuptake of 
norepinephrine by sympathetic nerve terminals!! and by 
attenuating the pressor responses to intravenous norepi- 
nephrine.!? Similarly, potassium may interfere with the 
activity of the renin-angiotensin system by suppressing 
the secretion of renin!? and by decreasing vascular re- 
sponsiveness to angiotensin.'4 Clinically, stroke-associ- 
ated mortality in hypertensive patients has been linked to 
a deficiency of dietary potassium; this association cannot 
be explained by the effect of potassium on systemic blood 
pressure.!? Finally, sudden cardiac death is an important 
cause of mortality in hypertensive patients who are treat- 
ed with diuretics that deplete potassium,'® but this risk is 
low (and the benefits of treatment seem to be enhanced) 
when diuretics that spare potassium and magnesium are 
used.!7 

These hormone-electrolyte interactions are greatly 
exaggerated in patients with congestive heart failure, who 
have more marked degrees of electrolyte depletion and 
neurohormonal activation than patients with any other 
cardiovascular disorder. Both the renin-angiotensin-aldo- 
sterone system and the sympathetic nervous system be- 
come activated as cardiac performance declines, and both 
systems may contribute to the depletion of potassium. 
Hypokalemia may develop either because of the loss of 
potassium in the urine (an effect of aldosterone) or be- 
cause of the movement of potassium into the cells (an 
effect of epinephrine).!? In either case, the decrease in 
serum potassium may interfere with the already impaired 
mechanical and electrical properties of the heart, leading 
to a further decline in cardiac performance and the devel- 
opment of potentially lethal ventricular tachyarrhyth- 
mias.!?29 Furthermore, hypokalemia may not only be 
directly arrhythmogenic, but may enhance the risk of 
worsening arrhythmias that may result from a variety of 
endogenous stimuli (e.g., catecholamines) or exogenous 
agents (e.g., digitalis, 8 agonists and antiarrhythmic 
drugs). All of these deleterious interactions are greatly 
potentiated by the administration of diuretics, which not 
only deplete potassium and magnesium but may further 
increase endogenous neurohormonal activity. In fact, po- 
tassium may influence the safety of nearly every drug 
that may be used in patients with heart failure. In addi- 
tion to the examples noted previously, potassium deple- 
tion may increase the risk of using the calcium channel 
blockers?!; excessive potassium supplementation may en- 
hance the toxicity of the converting enzyme inhibitors. 

All these observations lead to a single conclusion: Po- 
tassium (and probably magnesium) may play a central 
role in determining the clinical outcome of patients with 
serious cardiovascular disorders and may influence the 
safety (and perhaps the efficacy) of most of the therapeu- 
tic interventions used to treat this disorder. The present 
symposium is designed to summarize both the experi- 
mental and clinical evidence that support this conclusion. 
The first report, by Schulman and Narins of Temple 
University School of Medicine in Philadelphia, discusses 
the regulation of potassium homeostasis in health and in 
cardiac disease. The second and third reports, by Kelly of 
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Harvard Medical School in Boston and Nicholls of the 
Chinese University of Hong Kong, review the influence of 
electrolyte derangements on the efficacy and toxicity of 
digitalis and diuretics, respectively. The following 2 stud- 
ies by Francis of the University of Minnesota and Dargie 
of the Western Infirmary in Glasgow, Scotland, outline 
the interrelations of potassium and magnesium with the 2 
principal neurohormonal vasoconstrictor systems of the 
circulation—the sympathetic nervous system and the re- 
nin-angiotensin system. In the final 2 studies, Podrid of 
Boston University and the writer review the hemodynam- 
ic, metabolic and electrophysiologic evidence that suggest 
that both potassium and magnesium are important deter- 
minants of the morbidity and mortality of patients with 
hypertension and heart failure. 

What lessons should be learned from this symposium? 
Should we adopt the philosophy of the Sumerian physi- 
cian and routinely prescribe potassium supplements to- 
gether with the other drugs we administer to our patients 
with heart failure? No. Such a cookbook approach can 
lead to severe hyperkalemia in patients who have underly- 
ing renal disease or who are receiving converting enzyme 
inhibitors.22 On the other hand, it would be equally ill- 
advised to delay the correction of hypokalemia in the 
patient with heart failure until a symptomatic event oc- 
curs, since the earliest clinical evidence of an important 
potassium deficit may be a lethal ventricular arrhythmia. 
Most important, we must remember that nearly all thera- 
peutic decisions for the patient with heart failure require 
a consideration of what effect the addition or deletion of a 
drug will have on the potassium balance of the patient— 
followed by careful monitoring of the serum potassium 
concentration to confirm that neither hypo- nor hyperka- 
lemia has developed. Dietary potassium deserves as much 
emphasis as dietary sodium and cholesterol in these se- 
verely ill patients. 
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Hypokalemia and Cardiovascular Disease 


Michael Schulman, MD, and Robert G. Narins, MD 


A growing body of experimental, epidemiologic and 


physiologic evidence testifies to the hazards of hy- 
pokalemia and other electrolyte disorders that can 
complicate the chronic use of diuretic drugs in pa- 
tients with cardiovascular disease. This study re- 
views the complex renal and extrarenal mecha- 
nisms that regulate potassium balance in normal 
persons with special attention to the role of stress- 
related hormones. Disturbances of potassium bal- 
ance are common in patients taking diuretics; in- 
deed, the potential number of people in this country 
at risk of diuretic-related hypokalemia approaches 
9 million. The magnitude of this problem is of par- 
ticular concern, because of the compelling data that 
link hypokalemia in such patients to electrical insta- 
bility of the heart and to a fatal outcome after an 
acute cardiac injury. Therefore, aggressive correc- 
tion of hypokalemia is warranted in patients with 
cardiovascular disorders. 

| (Am J Cardiol 1990;65:4E-9E) 
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diovascular disease have become a matter of in- 

creasing concern, particularly to physicians work- 
ing in critical care facilities. Such concern is heightened 
by the awareness that hypokalemia, long recognized as 
hazardous to cardiac patients receiving digitalis, can be 
life-threatening to other patients as well, and that even 
mild degrees of hypokalemia are associated with substan- 
tial risk.! Potassium-wasting thiazide and loop-active 
diuretics are, of course, frequently used in volume-over- 
loaded cardiac patients. Because hypertension is a com- 
mon cause of heart disease and because most hyperten- 
sive patients receive diuretics, it follows that many pa- 
tients with heart disease are at risk of hypokalemia 
developing. There is also growing evidence for the exis- 
tence of complex neurohormonal events which, set in 
motion in the first moments after acute cardiac injury, 
interact to augment both the magnitude and the lethality 
of hypokalemia.* The gravity of the problem is further 
heightened by the recognition that hypokalemia in the 
critically ill patient is often iatrogenic and almost always 
preventable.? 

The pathogenesis and hazards of hypokalemia in car- 
diac patients are reviewed. Normal potassium balance is 
briefly summarized, and those areas of particular rele- 
vance to patients with heart disease receiving potassium- 
wasting diuretics are highlighted. 


T dangers of hypokalemia in patients with car- 


POTASSIUM METABOLISM IN | 
HEALTH AND IN CARDIAC DISEASE 

The normal concentration of potassium in the extra- 
cellular fluid (Ko) is precisely regulated, ranging between 
3.5 and 5.3 mEg/liter. Intracellular potassium concen- 
tration (Ki) is far greater—roughly 150 mEg/liter in 


most tissues; thus, approximately 98% of the body's po- - 


tassium is contained in cells. In absolute terms, the person 
weighing 70 kg with 28 liters of intracellular fluid stores 
4,200 mEq (28 liters X 150 mEq/liter) of potassium in 
his cells, while only 63 mEq (14 liters X 4.5 mEq/liter) 
reside in his extracellular space. Because clinical states of 
potassium depletion are often associated with deficits of 
200 to 400 mEq, cellular potassium stores must sustain 
greater absolute losses of the cation than the extracellular 
compartment. Whereas the loss of even several hundred 
mEq of intracellular potassium hardly changes Ki, the 
loss of a mere 30 mEq of extracellular potassium reduces 
Ko by half. Thus, in states of potassium depletion, Ko is 
generally reduced much more than Ki. The pathophysio- 
logic and clinical importance of these concentration 
changes and the importance of preventing deviations in 
the extracellular potassium concentration is suggested by 
the Nernst equation, which provides an approximate val- 
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ue for the resting cellular transmembrane electrical po- 
tential (Em): Em = —61 log Ki/Ko. 

Because the ratio of Ki/Ko strongly influences Em, 
and because the numerator Ki changes relatively little, 
even minor decrements in Ko produce significant de- 
grees of cellular hyperpolarity. The altered excitability of 
cell membranes resulting from these increases in the Ki/ 
Ko ratio underlies the hypokalemia-induced dysfunction 
in skeletal muscles, the nervous system and the heart. 
The neuromuscular and dysrhythmic manifestations of 
potassium depletion are likely related to changes in 
Em. 

The preservation of a near-constant extraceullar po- 
tassium concentration requires that daily potassium in- 
take (normally 50 to 150 mEq) be more or less exactly 
matched by the renal and gastrointestinal excretion of 
potassium (Fig. 1). Stool losses are not critical to potassi- 
um balance in healthy persons, averaging about 10 mEq/ 
day. Thus, the kidneys must excrete an amount of potas- 
sium equal to the net absorption if external balance is to 
be maintained. Since the kidneys filter 180 liters of plas- 
ma water per day, the daily filtered load of potassium 
averages 800 mEq (4 to 5 mEg/liter X 180 liters/day). 
Net tubular reabsorption must therefore occur, since the 
daily excretion of the 50 to 150 mEg required to maintain 
balance is far less than the filtered load. Micropuncture 
studies have shown that only a small fraction of the potas- 
sium entering the proximal tubule remains by the time 


. the filtrate reaches the distal tubule.* Thus, preservation 


of potassium balance in the face of variable dietary intake 
is entirely dependent on the regulation of potassium se- 
cretion in the distal nephron. This secretory process is 
mediated by specific tubular epithelial cells (“principal 
cells") located in the collecting ducts in the superficial 
cortex.^ 

Potassium transport across the cell membrane is influ- 
enced by 2 sets of factors: (1) those acting on the luminal 
membrane, and (2) those acting on the contraluminal 
membrane.* Among the most important luminal factors 
modifying potassium secretion are distal tubular flow 
rate and sodium delivery. Although fluctuations in flow 
rate and sodium delivery occur in parallel manner under 
physiologic conditions, investigations using micropunc- 
ture techniques suggest that flow rate is the more critical 
determinant. The mechanism by which increased flow 
augments net secretion is most likely by diluting luminal 
potassium, thereby eliminating concentration gradients 
across the luminal membrane unfavorable to continued 
secretion of the cation. In vitro studies also suggest that 
luminal sodium concentrations of less than 35 mEq/liter 
exert a rate-limiting effect on potassium secretion; how- 
ever, such concentrations are probably not encountered 
under physiologic conditions. 

The transepithelial potential in the distal tubule is 
negative and so favors potassium secretion. Thus, the 
diuretic amiloride, which blocks sodium entry into distal 
tubular cells and thereby reduces luminal electronegativi- 
ty, exerts a "potassium-sparing" effect by indirectly in- 
hibiting secretion. Luminal concentrations of chloride, 
when less than 20 mEq/liter, are associated with in- 
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FIGURE 1. Internal and external potassium balance: Internal 
(i.e., transcellular) and external balance of potassium. See text 
for details. 


creased potassium secretion, perhaps because potassium 
chloride co-transport out of the lumen is inhibited.4 

The peritubular factors augmenting distal potassium 
secretion include increased dietary potassium intake, in- 
creased plasma potassium concentration and an elevated 
serum pH. It is the hormonal regulation of potassium 
secretion, however, that assumes major importance in the 
cardiac patient, particularly after a catastrophic illness. 
Chronically elevated levels of aldosterone stimulate po- 
tassium secretion in the cortical-collecting tubule and 
cause hypokalemia. The hormone also stimulates extra- 
renal cells to take up potassium, thereby augmenting the 
development of the hypokalemia to a small degree. 
Many patients with congestive heart failure manifest hy- 
perreninemia and hyperaldosteronism—as would be an- 
ticipated from the diminished renal perfusion that follows 
the reduction in effective arterial blood volume caused by 
left ventricular failure. However, a significant number of 
such cardiac patients actually have normal renin and 
aldosterone levels. The reason for this surprising finding 
is unclear but may be related to high levels of atrial 
natriuretic hormone. The cardiac hormone is released in 
states of increased preload, and it impairs the secretion of 
renin and aldosterone.’ The acute infusion of glucocorti- 
coids stimulates potassium secretion by virtue of their 
action to increase glomerular filtration rate with conse- 
quent increased distal sodium delivery. Antidiuretic hor- 
mone (ADH) stimulates the secretion of potassium by 
distal tubular epithelial cells by increasing their perme- 
ability to the cation. Were it not for this countervailing 
kaliuretic action of ADH, the reduced distal flow caused 
by water deprivation might otherwise lead to renal potas- 
sium retention. Conversely, the polyuric effect of excess 
water intake might lead to renal potassium-wasting, were 
it not for the associated suppression of the potassium 
secretogogue ADH.? 

Epinephrine exerts a minor inhibitory effect on distal 
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renal tubular potassium secretion but strongly stimulates 
extrarenal potassium uptake, thereby causing hypokale- 
mia.” Insulin, like epinephrine, increases cell membrane 
adenosine triphosphatase activity which in turn increases 
cellular potassium uptake.'° Thus, the increased release 
of epinephrine and insulin during extreme stress predis- 
poses to redistributional hypokalemia. Patients with mild, 
uncomplicated chronic congestive heart failure not re- 
ceiving diuretics are not likely to have hypokalemia. Un- 
der such circumstances, the hypokalemia-producing ef- 
fects of volume contraction and attendant hyperaldoste- 
ronism are usually offset by the potassium-retaining 
effects of renal hypoperfusion, reduced filtration and di- 
minished distal salt and water delivery. However, when 
diuretics enhance distal flow and sodium delivery, sub- 
stantial potassium-wasting and hypokalemia can occur, 
especially in those patients with preexisting hyperaldoste- 
ronism. The release of epinephrine in the wake of the 
severe stress accompanying an acute myocardial infarc- 
tion may also cause redistributional hypokalemia (see 
later).!! 


PREVALENCE OF HYPOKALEMIA 

The importance of hypokalemia in patients with car- 
diovascular disease can be estimated by considering the 
frequency with which this chemical abnormality is likely 
to be encountered. Between 40 and 60 million Americans 
have sustained diastolic blood pressure greater than 90 
mm Hg and therefore are candidates for antihypertensive 
therapy.'! Although the use of diuretics as initial therapy 
for hypertension is decreasing, many hypertensive pa- 
tients still receive these agents alone or in combination 
with other drugs at some point in the course of their 
disease. Both the dose and half-life of thiazides and the 
duration of therapy influence the likelihood that hypoka- 
lemia (serum potassium «3.5 mEq/liter) will develop. 
Thus, although the incidence of hypokalemia in patients 
receiving 25 mg/day of hydrochrlorothiazide (HCTZ) 
may be as low as 15%, the incidence increases to approxi- 
mately 45% in those taking 100 mg/day.'? Longitudinal 
studies indicate that the incidence of hypokalemia is also 


directly related to the duration of therapy and continues 


to increase throughout follow-up periods of up to 2 
years.? Because of variability in dosing schedules and 
length of treatment, the reported incidence of hypokale- 
mia in hypertensive patients receiving HCTZ varies 
widely. If one applies even the most conservative estimate 
of this incidence (15%) to the enormous population of 
hypertensive patients at risk, however, the number of 
persons in whom hypokalemia is likely to develop as a 
consequence of therapy with HCTZ may be as high as 9 
million! 


HAZARDS OF HYPOKALEMIA 

The observation that hypokalemia poses a consider- 
able risk to the patient with cardiovascular disease is not 
new but has recently been underscored in new ways. It 
has long been known that even mild hypokalemia (serum 
potassium 3.0 to 3.5 mEq/liter) predisposes to cardiac 
dysrhythmias in the patient treated with digoxin. This 
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relation may be explained in part by the electrophysiolog- 
ic consequences of hypokalemia itself, since a decrease in 
serum potassium causes an increase in the resting poten- 
tial of cardiac cells and prolongation of both the action 
potential and refractory period.!^ These electrical events 
lower the threshold for reentrant dysrhythmias. In addi- 
tion, pharmacologic studies have demonstrated that hy- 
pokalemia decreases the renal clearance of digoxin and 
augments digoxin binding in the heart.!^!6 Because the 
kidney is a major regulator of digoxin excretion, the re- 
duced renal excretion of the glycoside in hypokalemic 
states predisposes to high and potentially toxic blood lev- 
els. Finally, digoxin enters the urine by glomerular filtra- 
tion and tubular secretion; hypokalemia seems to impair 
the latter.!? The intrinsic dysrhythmogenic effect of di- 
goxin is thus potentiated by potassium depletion. 
Although controversy persists regarding the precise 
danger presented by mild hypokalemia in patients not 
receiving digoxin, there is abundant evidence to suggest 
that such risks are not trivial. Holland et al! studied a 
group of 21 patients with mild or moderate hypertension 
and a history of diuretic-induced hypokalemia but no 
history of cardiac disease. Potassium deficits were replen- 
ished and all medications were withheld for 1 month at 
which point 24-hour electrocardiography and exercise 
testing were performed. No baseline cardiac dysrhyth- 
mias were detected. The patients then received HCTZ, 
100 mg/day, for an additional 1 month, followed by 
another 24-hour electrocardiogram. Of 21 patients ren- 


dered hypokalemic, 7 had ventricular ectopic activity y 


(VEA), 4 of whom were noted to have ventricular cou- 
plets, multifocal VEA or runs of ventricular tachycardia. 
Such complex and potentially life-threatening rhythm 
disturbances were entirely eliminated after potassium re- 
pletion with spironolactone, whereas the average frequen- 
cy of unifocal ventricular ectopic beats was reduced to 
less than 1 per 24-hour interval.! A similar study of 38 
hypertensive patients with no history of cardiac disease 
demonstrated that both unifocal and multifocal VEA 
increased during treatment with HCTZ, and that the 
increase correlated with the decrease in serum potassi- 
um.!" We have summarized the results of 6 studies that 
examined the relation of VEA to diuretic-induced hypo- 
kalemia (Table I). Four of the 6 studies confirm the 
existence of such a relation. The Papademetriou study, !8 
which yielded negative results, failed to establish that 
patients were free of significant VEA before therapy with 
HCTZ, raising the possibility that spontaneous variabili- 
ty of ectopic activity might have obscured an effect of 
hypokalemia. 

Although there is considerable evidence pointing to 
the risk of hypokalemia in otherwise healthy hypertensive 
patients, the risks of hypokalemia may be multiplied cat- 
astrophically in the setting of acute cardiac injury. In- 
sight into the pathophysiologic basis of such augmented 
risk can be achieved by referring to the Nernst equation. 
As noted, a decrease in extracellular potassium concen- 
tration accompanied by a proportionately smaller de- 
crease in intracellular potassium concentration produces 
hyperpolarization of cell membranes—including the 


x 





membranes of myocardial cells.!? This effect may be 
attenuated during prolonged periods of hypokalemia, 
since chronicity may decrease the permeability of myo- 
cardial cells to potassium and also allow for cellular entry 
of sodium.?? Nonetheless, some degree of hyperpolariza- 
tion is likely to persist. In the setting of myocardial isch- 
emia, potassium leaks out of the heart cells, causing frank 
hypopolarization of these injured cell membranes. Thus, 
during ischemia, regions of myocardial hyperpolarization 
(induced by potassium depletion) may be juxtaposed on 
regions of hypopolarization (induced by acute ischemic 
alterations in membrane permeability). The resulting 
electrical inhomogeneity may contribute to asynchrony in 
repolarization and thereby promote the development of 
reentrant dysrhythmias. 

Chronic hypokalemia is rendered still more hazardous 
in the setting of myocardial ischemia because of the effect 
of accompanying hormonal changes in the internal potas- 
sium balance, most notably the effect of plasma catechol- 
amines.* Figure 2 depicts the influence of 1 week of 
thiazide therapy on the plasma potassium in normal sub- 
jects.?! As indicated, the administration of a diuretic pro- 
duced a significant decrease in the plasma potassium 
concentration but to levels that would generally be con- 
sidered only mildly abnormal. However, within 1 hour of 
initiating an infusion of epinephrine in 5% dextrose, a 
prodigious intracellular shift of potassium was seen, caus- 
ing the plasma concentration to decrease to levels that 
were potentially life-threatening to the patient with un- 
derlying cardiac disease.?! Since catecholamines also hy- 
perpolarize skeletal (and probably cardiac) muscle cells 
independently of hypokalemia, the hazards of catechol- 
amine excess may be even greater than would be estimat- 
ed pom the magnitude of the decrease in plasma potassi- 
um.! 

There is, unfortunately, little doubt that events often 
transpire in our critical care units that may reproduce the 
experiment just described. The stress of endogenous cate- 
cholamine excess is often superimposed on the stress of 
chronic potassium depletion. After a myocardial infarc- 
tion, ventricular tachycardia or ventricular fibrillation 
occur in approximately 13% of patients with a normal 
serum potassium concentration.?? The risk of such dys- 
rhythmias was increased twofold when hypokalemia was 
associated with the infarction.222? 

Plasma levels of catecholamines, like the plasma po- 
tassium, may contribute to the development of malignant 
dysrhythmias seen in acutely ill cardiac patients.? In 62 
patients who had recently had a myocardial infarction or 
cardiac arrest,? plasma levels of insulin, glucose and epi- 
nephrine were higher in the patients than in normal sub- 
jects. More striking, plasma epinephrine levels were high- 
er in the patients whose myocardial infarction was com- 
plicated by ventricular fibrillation and in the patients who 
had a cardiac arrest than in patients who had no dys- 
rhythmia.? Although a cause-and-effect relation is yet to 
be proved, there exists a persuasive chain of evidence that 
associates an excess of catecholamines with hypokalemia 
and hypokalemia with malignant cardiac dysrhythmias, 
particularly in the setting of acute myocardial injury. The 





TABLE I Hypokalemia and Ventricular Ectopy: Published 
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implication of such evidence is that uncorrected mild 
hypokalemia in the well-compensated patient may be 
exacerbated precipitously in the critical care setting— 
and with potentially lethal consequences. 
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MAINTENANCE OF NORMOKALEMIA 
(TABLE Il) 

The hazards of hypokalemia do not, of course, consti- 
tute justification for routinely adding potassium supple- 
ments to the medical regimen of diuretic-treated patients. 
Because most of these patients never have an electrolyte 
abnormality, widespread and indiscriminate use of such 
supplements seems inapproprate. Furthermore, it is likely 
that hypokalemia can in many instances be prevented 
simply by more judicious management of diuretic thera- 
py protocols. Blood pressure control may be achieved 
with low daily doses of HCTZ (12.5 to 25 mg), thereby 
greatly reducing the incidence of hypokalemia.‘ Inter- 
mittent dosing with diuretics causes less potassium deple- 
tion than continuous dosing since potassium retention on 
diuretic-free days replenishes previous kaliuretic losses. 
Unfortunately, many hypertensive patients do not remain 
normotensive on the days when they do not receive diure- 
tics. Urinary potassium losses can also be curtailed by 
limiting dietary salt.” Therapy with combinations of 
diuretics should be undertaken only with the prior recog- 
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FIGURE 2. Effect of parenteral epinephrine on serum potassium concentration: Six normal subjects were studied twice, once af- 

ter 1 week of placebo (while normokalemic) and again after 1 week of a thiazide diuretic (while hypokalemic). The height of the 

bars represents the serum potassium concentration (+ standard error of the mean). The clear bar defines potassium levels after 

1 week of placebo and the stippled bar defines the levels after thiazides. The hatched area depicts the period of epinephrine in- 
fusion (0.06 ug/kg/min). (Reproduced with permission from Lancet.?!) 


TABLE Il Maintenance of Normokalemia During Diuretic 
Therapy 


1 Intermittent diuretic dosing 

2 Low-dose diuretics (12.5 to 25 mg/day of hydrochlorothiazide) 
3 Potassium supplements: requires chloride salt 

4 Dietary modifications 


Sodium restriction (60-80 mEq/day) 

Salt substitutes (10-14 mEq KCl/g) 

Bananas: ineffective—rich in potassium but deficient in chloride 
5 Potassium-sparing diuretics—spare K* and Mg?* 

Spironolactone 

Amiloride 


Triamterene 


nition that kaliuretic effects of such drugs, including thia- 
zides and loop diuretics, are additive. Other drug combi- 
nations, more easily overlooked, may also be dangerous: 
e.g., life-threatening hypokalemia has been reported in 
thiazide-treated hypertensive patients after initiation of 
acetazolamide for treatment of glaucoma. 

When persistent hypokalemia occurs as a conse- 
quence of diuretic therapy, whether severe or mild (serum 
potassium = 3.0 to 3.5 mEq/liter), we believe that it 
should be corrected. A greater sense of urgency prevails 
in those patients taking digoxin and in patients with a 
history of cardiac disease, cirrhosis or hyperthyroidism. If 
low-dose or intermittent diuretic therapy or sodium re- 
striction fails to normalize serum potassium levels, potas- 
sium chloride (KCl) supplements should be prescribed. 
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Most patients will require 40 to 80 mEq/day of added 
potassium. Historically, KCl supplements have provided 
the least expensive means of correcting diuretic-induced 
hypokalemia, while recently formulated controlled-re- 
lease KCI preparations offer the additional advantages of 
convenience and relative freedom from toxic side effects. 
The retention of potassium when administered as the 
salts of citrate, phosphate, gluconate or acetate is far less 
than when potassium is given as the chloride salt.?? In 
addition, citrate, gluconate and acetate are metabolized 
to bicarbonate which, like phosphate, is poorly reab- 
sorbed by the kidney.?! The resulting phosphaturia and 
bicarbonaturia may cause a loss of the administered po- 
tassium. Because nonchloride salts of potassium seldom 
restore serum potassium levels to normal, their use is 
discouraged. 

Even more futile is the expectation that hypokalemia 
can be corrected by dietary manipulation alone, including 
increased intake of fruit. The most potassium-rich of the 
commonly ingested fruits, the banana, contains only 2 
mEq of potassium per inch, obligating a daily intake of 
nearly 3’ feet of banana to supply a typical therapeutic 
potassium dose.?? Because much of the potassium ingest- 
ed will be in the form of poorly absorbed nonchloride 
salts, such simian helpings are less likely to increase po- 
tassium balance than they will increase caloric balance. 

The effectiveness of potassium chloride supplements 
in hypokalemic patients no doubt varies with the study 
population, the dosing schedule of both diuretic or oral 


re 


potassium, the duration of therapy and the KCI prepara- 
tion chosen, but it is certain that serum potassium is not 
restored to normal in all patients. For those in whom 
serum potassium concentration remains low, the pre- 
ferred next step is one of the potassium-sparing agents. 
Of the 3 agents available—spironolactone, amiloride and 
triamterene—spironolactone is perhaps the least desir- 
able because its onset of action may be delayed (by sever- 
al days) and its use is associated with a high frequency of 
gastrointestinal side effects. However, all 3 agents, when 
appropriately used, are almost uniformly effective. The 
principal complication of therapy with a potassium-spar- 
ing diuretic is hyperkalemia. Hyperkalemia occurs with 
the greatest frequency in patients with impaired renal 
function, but is also common in the elderly, in diabetics 
and in patients taking nonsteroidal anti-inflammatory 
drugs, angiotensin-converting enzyme inhibitors and 6 
blockers. Because severe hyperkalemia after initiation of 
a potassium-sparing agent may occasionally be seen in 
patients without renal dysfunction or other recognized 
risk factors monitoring of the serum potassium concen- 
tration is mandatory.?? 

Although controversy has focused on the risk of hypo- 
kalemia in diuretic-treated patients, other electrolyte ab- 
normalities may occur that pose similar risks. Hypomag- 
nesemia may be particularly important and may be more 
frequently encountered than hypokalemia in diuretic- 
treated patients.*3 Urinary magnesium-wasting is ob- 
served in patients receiving either loop diuretics or thia- 
zides,** although the effect of thiazides is less consistent. 
Because such urinary magnesium losses are largely pre- 
vented by the use of potassium-sparing agents,?? these 
drugs offer a potential clinical benefit not associated with 
KCI supplements. At least 1 complication of magnesium 
depletion is well established: hypomagnesemia increases 
urinary losses of potassium and may therefore render 
hypokalemia in diuretic-treated patients refractory to 
supplemental KCI.*° Although it is difficult to demon- 
strate that hypomagnesemia exerts an independent dys- 
rhythmogenic effect on the heart, a study of 38 thiazide- 
treated hypertensive patients demonstrated that the inci- 
dence of ventricular ectopic activity was increased when 


the serum levels of either potassium or magnesium de- 
clined.?? 
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Cardiac Glycosides and Congestive Heart Failure 
Ralph A. Kelly, MD 


Although the cardiac glycosides are universally ac- 


knowledged to be important agents in the drug 
therapy of advanced congestive heart failure (CHF), 
their role in the treatment of more moderate CHF, 
particularly in patients in sinus rhythm, remains 
controversial. Over the past decade, several ran- 
domized clinical trials have been undertaken to help 
clarify the appropriate use of the cardiac glycosides 
in these patients. Although the data are not conclu- 
sive, the available evidence indicates that digoxin is 
efficacious and relatively safe in patients with CHF 
whether given alone or in combination with vasodi- 
lators. Ongoing myocardial ischemia, hypokalemia 
and reduced drug clearance due to renal disease or 
drug interactions remain the clinical parameters 
most closely associated with digitalis toxicity. How- 
ever, the recent introduction and widespread avail- 
ability of a safe and rapidly effective antidote to 
digitalis preparations—Fab fragments of antidi- 
goxin antibodies—offers the clinician a greater 
margin of safety in the use of the cardiac glyco- 
sides than has been available in the past. 

(Am J Cardiol 1990;65:10E-16E) 
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his classic monograph on the therapeutic proper- 

ties and toxicity of the foxglove.! There is little 
doubt that, in Withering's time, the active ingredients 
found in the leaves of Digitalis purpurea offered 18th 
century physicians one of the only efficacious medicines 
for the treatment of dropsy. Yet Withering himself, in the 
following statement, predicted the current controversy 
over the utility of these drugs in heart failure. “It is much 
easier to write upon a disease than upon a remedy. The 
former is in the hands of nature, and a faithful observer, 
with an eye of tolerable judgment cannot fail to delineate 
a likeness. The latter will ever be subject to the whims, the 
inaccuracies, and the blunders of mankind."! 

The cardiac glycosides comprise a group of com- 
pounds found in plants and in the venom and skin of 
certain toads that exert potent inotropic and electrophysi- 
ologic effects on the myocardium. Clinically useful prep- 
arations are derived from the leaves and seeds of plants in 
the genera Digitalis and Strophanthus. From the leaves 


A little over 200 years ago, William Withering wrote 


of Digitalis purpurea is derived digitoxin, and from those pt 


of Digitalis lanata, digoxin is derived after a mild alkaline 
hydrolysis step. From the seeds of Strophanthus gratus 
comes ouabain, a hydrophilic, rapidly acting cardiac gly- 
coside. In the 1980s in the United States, digoxin is by far 
the most commonly prescribed of these drugs due to the 
ready availability of techniques for measuring serum lev- 
els, flexibility in its routes of administration and its inter- 
mediate duration of action. 

The standard for clinical use of the cardiac glycosides 
in modern medicine was set in the first decades of this 
century, reflecting the debate between 2 eminent clini- 
cians and co-editors of The Oxford Medicine, Henry 
Christian and Sir James Mackenzie. In responding to a 
published quote from Sir James, who advocated that 
digitalis be used only in congestive heart failure (CHF) 
patients with atrial arrhythmias, Henry Christian re- 
plied, “My views evidently differ from those of my fellow 
editor of The Oxford Medicine. The views of Sir James 
Mackenzie have been concurred in by numerous observ- 
ers, with the result that there is a growing feeling that, 
unless the pulse is absolutely irregular and rapid, little is 
to be gained from digitalis therapy. My own experience is 
so directly contrary to this that it seems worthwhile to 
restate the views already expressed by me...My own view 
with regard to digitalis, as a rule, is that it has a striking 
effect on those changes in the patient which are brought 
about by cardiac insufficiency, and that this effect ap- 
pears irrespective of whether or not the pulse is irregu- 
lar.” Christian’s views prevailed, within the United 
States in any case, until a series of reports began to 
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appear in the 1970s that reappraised the role of the cardi- 
ac glycosides, particularly for patients with CHF in sinus 
rhythm. These studies suggested that many patients re- 
ceiving chronic maintenance doses of digoxin did not 
benefit from the drug. In 1969, Starr and Luchi? ques- 
tioned the efficacy of chronic digoxin therapy on the basis 
of a placebo-controlled, double-blind study of 11 elderly 
patients in normal sinus rhythm. During the following 
decade, studies from both Europe and the United States 
all recorded similar conclusions. Nevertheless, these data 
were not convincing. In several studies, the diagnosis of 
CHF was not documented. In addition, in the study by 
Dobbs et al,* a well-designed, double-blind, placebo-con- 
trolled, single crossover study, nearly one-third of the 46 
patients had atrial fibrillation, and their outcome was not 
differentiated from those who were in sinus rhythm. 


DIGOXIN AND CONGESTIVE HEART 
FAILURE IN THE 1980s 

Early in this decade, 3 studies attempted to address 
whether cardiac glycosides had any role in the therapy of 
patients with chronic CHF. All were well designed and 
well executed but yielded conflicting results. The first, a 
study by Fleg et a? in 1982, a double-blind, placebo- 
controlled, crossover trial in 30 patients, found that over 3 
months there was no difference in orthopnea, paroxysmal 
nocturnal dyspnea or exercise capacity between the di- 
goxin and the placebo phases, although small differences 
favoring digoxin were noted in echocardiographic indexes 
of left ventricular function. All patients were in New 
York Heart Association (NYHA) class II or III at the 
start of the study. Similarly, in 22 ambulatory patients 
studied by Taggart et alô in a randomized, placebo-con- 
trolled, crossover trial, systolic time intervals shortened 
during the active drug phase, but this was not accompa- 
nied by any significant symptomatic improvement. 

In contrast, Lee et al’ reported favorable results in a 
double-blind, placebo-controlled crossover trial of 25 out- 
patients with heart failure in sinus rhythm. Although 
these investigators evaluated echocardiographic and ino- 
tropic measures of left ventricular dysfunction, the main 
outcome measure in this study was a heart failure score 
that combined the physician's assessment of dyspnea, the 
presence of rales, heart rate, evidence for right-sided car- 
diac failure and abnormalities on chest roentgenogram. 
Fourteen of the 25 patients’ conditions improved with 
digoxin. The clinical finding that best separated respond- 
ers from nonresponders was the presence of a third heart 
sound on auscultation of the chest. Indeed, if one excludes 
from the analysis those patients with a normal ejection 
fraction at the beginning of the study and those whose 
serum digoxin level was always «0.5 ng/ml, then 14 of 16 
patients were digoxin responders. The investigators con- 
cluded that patients with severe CHF were most likely to 
benefit from digoxin, but none of their patients were in 
NYHA functional class IV. 

Guyatt? recently reviewed the data from these 3 re- 
ports that investigated the efficacy of digoxin in patients 
in sinus rhythm with CHF. Each of these studies has been 
used extensively by detractors and apologists of the cardi- 
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ac glycosides to promote their arguments. Although there 
was no l factor that, in retrospect, could explain the 
different outcomes of these reports, it is possible that the 
patients in the 1 positive study’ had somewhat more se- 
vere CHF; e.g., the mean ejection fraction was lower in 
the study by Lee et al,’ and only 1 patient in the study of 
Fleg et al? had a third heart sound. Interestingly, the 
average daily dose of digoxin was about twice as high in 
the study by Lee et al’ (0.435 mg) than in the study by 
Fleg et al? (0.240 mg), even though the target serum 
digoxin concentrations were similar in both trials. 

The consensus that has emerged from these reports is 
that a number of patients in sinus rhythm with mild to 
moderate CHF do not benefit from the addition of a 
cardiac glycoside, regardless of whatever other treatment 
they might be receiving. On the other hand, there is a 
subset of patients who clearly respond to digoxin therapy, 
as identified in the study of Lee et al.’ The efficacy of 
digoxin in patients with more disabling heart failure had 
been documented by Arnold et al? in a small number of 
subjects who had moderate to severe left ventricular dys- 
function, as evidenced by an ejection fraction (while tak- 
ing no cardiac glycosides) of 30 + 14%. On withdrawal of 
digoxin, left ventricular filling pressures increased from 
21 to 29 mm Hg, and the mean cardiac index declined 
from 2.4 to 2.1 liters/min. All 4 of the patients who were 
in NYHA class IV taking placebo improved to stage III 
with digoxin, but no patient in stage II improved. 


RECENT STUDIES OF DIGOXIN EFFICACY IN 
CONGESTIVE HEART FAILURE 

Three prospective trials recently compared digoxin 
with either placebo or a converting enzyme inhibitor in 
the therapy of mild to moderate CHF. The first was that 
of Alicandri et al,'° a double-blind, randomized, cross- 
over trial comparing digoxin with captopril in which each 
active drug phase was preceded by a placebo phase. The 
patients had mild heart failure (13 of 16 were in NYHA 
class II). The captopril dose was 25 mg, administered 3 
times daily, and the average digoxin dose was 0.25 mg / 
day; all patients continued taking their pretrial doses of 
diuretics. Both exercise duration and total work per- 
formed during a standard exercise protocol were signifi- 
cantly higher in patients taking both active drugs than in 
those during the placebo phase. The blood pressure was 
significantly lower in patients receiving captopril, but this 
did not result in any symptomatic hypotension. The inves- 
tigators concluded that both captopril and digoxin were 
effective in mild to moderate CHF in patients in normal 
sinus rhythm. 

A second small, but carefully controlled, study of 20 
patients with CHF was recently reported by Guyatt et 
al.!! This was a randomized, placebo-controlled and dou- 
ble-blind crossover trial that, among other measures of 
outcome, included the same heart failure score advocated 
by Lee et al in 1982.’ These investigators also chose to 
titrate their patients' digoxin serum levels to between 1.2 
and 2.1 ng/ml, yielding an average daily dose—0.39 mg/ 
day—very close to that reported by Lee et al. Seven of the 
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20 participants failed to complete the placebo period due 
to worsening CHF, while no patient during the active 
drug phase had worsening symptoms; these patients were 
termed “digoxin responders.” Interestingly, there was 
no significant change in echocardiographic measures of 
left ventricular function although exercise tolerance, as 
judged by a 6-minute walk test, was marginally better in 
the digoxin group. Of the variables that were predictive of 
a response to digoxin, a third heart sound was heard in 6 
of the 7 responders, but in half of the nonresponders. 
Similarly, 6 of 7 patients in NYHA class III or IV were 
responders, but several nonresponders fell into this cate- 
gory as well. The most specific criteria was a heart failure 
score of 2 or greater (no nonresponders fell into this 
category), although it missed 2 of 7 responders. This 
study, while well designed and executed, used a dose of 
digoxin somewhat higher than that typically used in clini- 
cal practice. Although none of these patients were 
deemed to be digoxin toxic, the high dose would obviously 
increase the risk of toxicity in a large population of pa- 
tients. This underscores the importance of being able to 
select those patients who will respond clinically to a cardi- 
ac glycoside, since over half the patients in this positive 
study had no clinical response despite receiving a high 
dose of drug. 

Finally, a large multicenter trial comparing digoxin 
with captopril was reported in early 1988.!? The study 
was double-blind, randomized and placebo-controlled; 
there was no crossover between active drugs. Entry crite- 
ria included a left ventricular ejection fraction of <40% 
and a treadmill exercise time, limited by dyspnea or fa- 
tigue, of <4 minutes. Concomitant therapy with any 
drugs other than diuretics was prohibited. Most pa- 
tients—approximately 100 in each group—were in 
NYHA class II; only about 15% were in class III. The 
average ejection fraction in each group was about 25%. 
The average dose of captopril was initially 25 mg, admin- 
istered 3 times daily, and was increased to 50 mg, 3 times 
daily, if tolerated. The average digoxin dose was not re- 
ported, but given the range of doses used, it must have 
been less than that used in either the trial of Lee et al’ or 
Guyatt et al.!! 

Exercise tolerance increased in all 3 groups (captopril, 
digoxin and placebo), but among the 2 active drugs, only 
captopril was superior to placebo. An improvement in 
NYHA functional class occurred only in captopril-treat- 
ed patients, and only the captopril group showed a signifi- 
cant reduction in the frequency of ventricular premature 
beats in patients who had 210 beats/hour at entry. Only 
patients treated with digoxin had a significant improve- 
ment in left ventricular ejection fraction, but this was not 
reflected by a significant improvement in exercise capaci- 
ty relative to placebo. 

However, 15% of the patients in the placebo group 
had to withdraw from the study because of treatment 
failure compared with 5.8 and 4.2% for captopril and 
digoxin, respectively, indicating that digoxin was as effec- 
tive as captopril in preventing worsening symptoms of 
CHF. Additional diuretics were needed more often in the 
placebo group than in either active drug group. Mortality 
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was similar among the 3 treatment groups, although drug 
toxicity was significantly higher than placebo only in the 
captopril group (who experienced mild and self-limited 
symptomatic hypotension). The investigators note that 1 
source of bias in the entry criteria was the stipulation that 
any patient who could not tolerate the withdrawal from 
digoxin before entry in the study was not enrolled, thus 
systematically excluding a subset of patients who (by 
definition) would have been digoxin responders. 

Several other prospective trials have examined the 
effects of adding digoxin to vasodilators in patients with 
chronic heart failure. Gheorghiade et al!’ noted that 
among a group of hospitalized patients with severe CHF, 
patients in whom diuretics and vasodilators had failed to 
optimize their hemodynamic status were most likely to 
respond to digitalis. More recently, Gheorghiade and co- 
workers!^ demonstrated that digoxin administered with 
captopril produced favorable additive effects in patients 
with severe CHF in sinus rhythm. A significant increase 
in mean exercise time was only apparent when a combi- 
nation of captopril and digoxin was given, but not when 
either drug was given alone. The improvement in clinical 
status was reflected by a reduction in plasma norepineph- 
rine levels (which did not decrease in response to captopril 
alone) and by a decline in plasm aldosterone levels. Stud- 
ies by Ribner et al!> and Cantelli et al! also demon- 
strated that the addition of digoxin enhanced the increase 
in cardiac output and the reduction in ventricular filling 
pressures (while minimizing the decrease in blood pres- - 
sure) observed with vasodilators alone. 

These prospective, randomized trials allow a clear 
perspective on the appropriate role of cardiac glycosides 
in the management of patients with CHF in sinus 
rhythm. Patients whose heart disease causes only a mod- 
est limitation of daily activities seem to be best treated 
with a regimen of diet and diuretics, and the prescription 
of a cardiac glycoside may be reserved for those with 
refractory symptoms. Patients with a hypertrophic car- 
diomyopathy should not be prescribed a cardiac glycoside 
routinely because of the danger of further obstructing 
ventricular outflow. Similarly, patients with stiff, non- 
compliant ventricles that may have a significant compo- 
nent of "diastolic dysfunction" but reasonable systolic 
function may not benefit from digoxin. Finally, it is un- 
clear whether patients with moderate to severe CHF 
(NYHA class III or class IV) should be treated first with 
a diuretic and an angiotensin-converting enzyme inhibi- 
tor, because we do not know whether converting enzyme 
inhibitors are better or safer than digoxin in such patients, 
especially if serum concentrations of digoxin are moni- 
tored routinely.!?.!5 | 


DIGOXIN TOXICITY 

Although the appropriateness of digoxin administra- 
tion as a first-line agent to patients with mild CHF re- 
mains controversial, there is little doubt that cardiac gly- 
cosides are efficacious in patients with moderate to severe 
left ventricular dysfunction.'’ However, it is this particu- 
lar group of subjects, many of whom are elderly with 
underlying ischemic heart disease and often diseases of 





other organ systems, who are at greatest risk for digoxin 
toxicity. The most prevalent and dangerous manifesta- 
tions of digoxin toxicity are the toxic electrophysiologic 
effects of the drug. The reader is referred to any of several 
recent reviews for a more extensive treatment of this 
subject.!9-2! 

Atrium and atrioventricular node: The effect of ther- 
apeutic serum levels of the cardiac glycosides in patients 
in sinus rhythm is often a slowing of the atrial rate, in part 
due to a diminution of adrenergic tone as a result of 
enhanced cardiac performance and in part due to a direct 
effect of the drug on baroreceptor activity. Toxic levels of 
cardiac glycosides may lead to sinus arrest or sinus exit 
block, probably due to a direct effect of the drug on 
sinoatrial nodal conduction tissue.?? The atrium is little 
affected by therapeutic doses of digoxin, but toxic levels 
can produce profound electrophysiologic effects on atrial 
tissue, especially an increased automaticity and a decline 
in conduction velocity.^? The effects of the cardiac glyco- 
sides on the atrioventricular (AV) node (slowing conduc- 
tion and prolonging AV nodal refractoriness) constitute 
the major antiarrhythmic action of these drugs and are 
largely mediated by enhanced parasympathetic and de- 
creased adrenergic tone. At toxic levels, however, the 
direct effect of these drugs to prolong the AV nodal 
refractory period becomes more important, and this ac- 
tion (along with the heightened parasympathetic tone) 
may lead to advanced AV nodal conduction block. 

j The electrocardiographic manifestations of digoxin 

toxicity are numerous but, unfortunately, too nonspecific 
to be diagnostic. Whereas sinus exit block may occur in 
digitalized patients, its frequency is low and even patients 
with sick sinus syndrome usually tolerate the drug well. In 
atrial fibrillation, patients receiving digoxin typically 
show a gradual slowing of the ventricular response. At 
higher doses, junctional pacemakers may begin to dis- 
charge at increasing frequency, resulting in a nonparox- 
ysmal AV junctional tachycardia. This may be recog- 
nized clinically as a paradoxic regularization of the 
ventricular rate despite persistent atrial fibrillation. Com- 
mon supraventricular arrhythmias associated with digox- 
in toxicity include AV nodal reentrant tachycardias and 
tachycardias that originate due to enhanced atrial auto- 
maticity. Although paroxysmal atrial tachycardia with 
block is often recognized as being a classic digitalis-toxic 
arrhythmia, there are no electrocardiographic features of 
this supraventricular arrhythmia that clearly distinguish 
when it is or is not due to digitalis.?4 

Second to ventricular arrhythmias, AV junctional 
block of varying degrees is probably the most common 
manifestation of digoxin toxicity, occurring in 30 to 40% 
of patients with recognized digoxin toxicity.” First-de- 
gree AV block may often be a simple manifestation of 
digitalis effect, but higher degrees of AV block should be 
interpreted as evidence of digoxin toxicity. Second-de- 
gree AV block typically has a Wenckebach periodicity 
and may be present in sinus rhythm or in automatic atrial 
tachycardia; type II second-degree AV block due to digi- 
talis intoxication alone is rare. Third-degree AV block is 
indicative of advanced digitalis toxicity, but should be 


THE AMERICAN JOURNAL OF CARDIOLOGY MARCH 6, 1990 


distinguished electrocardiographically from apparent 
AV dissociation due to an accelerated idioventricular or 
AV junctional pacemaker. 

Purkinje fibers and ventricular muscle: The nonspe- 
cific ST- and T-wave changes in the electrocardiograms 
of patients treated with cardiac glycosides probably re- 
flect alterations in the time course of ventricular repolari- 
zation that occur with therapeutic doses of these drugs. 
The toxic manifestations of the cardiac glycosides are 
primarily due to enhanced automaticity and triggered 
activity. Of interest is that ventricular arrhythmias are 
uncommon in young patients with healthy hearts after 
the suicidal injection of a large quantity of digoxin, sug- 
gesting that enhanced Purkinje fiber automaticity due to 
ischemia or other injury may contribute to the develop- 
ment of these arrhythmias. 

The degree of diastolic depolarization due to cardiac 
glycosides increases with the ventricular rate and the 
drug level, resulting eventually in a rapid, spontaneous 
rhythm.?6 Another major mechanism that may be in- 
volved includes spontaneous depolarizations triggered by 
previous action potentials or delayed afterdepolariza- 
tions.!?2728 These may be related to a transient loss of 
membrane potential late in phase 3 or early in phase 4 
that may reach threshold and depolarize the ventricle. 
The magnitude of afterdepolarizations and the likelihood 
that they will reach threshold are enhanced by hypokale- 
mia or hypercalcemia,” and may be induced by catechol- 
amines or by digitalis glycosides in isolated Purkinje fi- 
bers. Although the presence of triggered activity may 
conveniently explain the development of many digitalis- 
induced ventricular (and perhaps atrial) arrhythmias, 
this mechanism has not been proved in humans.??30 

Almost every variety of ventricular arrhythmia has 
been associated with digitalis toxicity. The most common 
manifestation is an increase in the frequency of ventricu- 
lar premature beats of any morphology, with either fixed 
or varying coupling intervals to preceding supraventricu- 
lar beats. One uncommon ventricular arrhythmia that is 
associated with digoxin toxicity is ventricular bigeminy 
with alternating left- and right-axis deviation?! Rarely, 
bidirectional ventricular tachycardia may occur, an ar- 
rhythmia that is very suggestive of digitalis toxicity. An- 
other characteristic, but less specific, pattern is multiform 
and repetitive ventricular premature beats occurring dur- 
ing atrial fibrillation. Ventricular fibrillation is rarely the 
first electrophysiologic manifestation of digitalis toxicity. 
Although there is no 1 electrocardiographic abnormality 
that is pathognomonic of digitalis excess, the combination 
of enhanced automaticity and impaired conduction (e.g., 
with AV block accompanied by an accelerated junctional 
pacemaker) is highly suggestive of toxicity even in pa- 
tients whose serum levels are within the usual therapeutic 
range. 

Risk factors for enhanced sensitivity to cardiac gly- 
cosides: As noted previously, patients with moderate to 
severe CHF are at increased risk of toxicity for a variety 
of reasons. After electrolyte abnormalities, perhaps the 
most important risk factor is the nature of the underlying 
heart disease itself. Controversy has centered around the 
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TABLE I Electrolyte Abnormalities and Cardiac Glycoside 
Toxicity 


Increased Sensitivity Decreased Sensitivity 


Hypokalemia 
Hypercalcemia 
Hypomagnesemia 
Alkalosis 


Hyperkalemia 
Hypocalcemia 
Hyponatremia 
Acidosis 


Chronic Potassium Administration in Conjunction with a Cardiac 
Glycoside 


Indications 
Serum potassium «3.5 mEq/liter 
Combined diuretic / cardiac glycoside therapy 
Contraindications 
Concurrent administration of 
Potassium-sparing diuretics 
B blockers (nonselective) 
Angiotensin-converting enzyme inhibitors 
Nonsteroidal anti-inflammatory drugs 
Chronic renal insufficiency (GFR «20 ml/min) 
Hyporeninism (type IV RTA; diabetes mellitus) 


Acute Potassium Administration in Suspected Digitalis Toxicity 


Indications 
Serum potassium <4.0 mEq/liter and 
VPCs and ventricular tachycardia 
SVT with AV block 
Serum potassium <3.0 mEq/liter and 
Type | or type Il AV block 
Contraindications 
Serum potassium >4.5 mEq /liter 
Serum potassium >3.5 mEq/liter and AV block 


AV = atrioventricular; GFR = glomerular filtration rate; RTA = renal tubular acidosis; 
SVT = supraventricular tachycardia; VPC = ventricular premature complexes. 





use of digoxin after myocardial infarction. Two retro- 
spective analyses of the use of digitalis in patients who 
have had infarction have suggested that digoxin may 
increase mortality,?23? even when allowances were made 
for other factors that indicated that digoxin-treated pa- 
tients were more seriously ill.?? However, analyses of data 
from several other large clinical trials?^? failed to con- 
firm any increased risk in postinfarct patients treated 
with digoxin. Thus, the matter remains unresolved, and it 
is unlikely that a prospective randomized clinical trial of 
sufficient size will even be attempted to answer this ques- 
tion definitively, since the cardiac glycosides are no long- 
er first-line agents for the treatment of mild ventricular 
dysfunction accompanying infarction. Nevertheless, the 
National Heart, Lung, and Blood Institute is considering 
a large, prospective randomized trial to determine wheth- 
er digoxin, when added to other therapeutic modalities, 
favorably affects mortality rates in patients with stable 
CHF for whom the drug is indicated. 

The electrolyte and acid-base disturbances that ac- 
company CHF are often the result of chronic diuretic 
therapy and secondary hyperaldosteronism, and their im- 
pact on the risk of digoxin toxicity is summarized in Table 
I. Alterations in potassium homeostasis have the most 
profound effect on the pharmacodynamics of the cardiac 
glycosides, both because of the extent of depletion of this 
electrolyte in many patients with heart failure and the 
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unique nature of the interaction between this monovalent 
cation and these drugs at the cellular level. Renal magne- 
sium wasting also occurs with both loop and thiazide 
diuretics and as a consequence of secondary hyperaldo- 
steronism. Although the effect of magnesium depletion 
on the development of arrhythmias in this patient popula- 
tion remains controversial,?? there is little question that 
hypomagnesemia predisposes to digitalis toxicity? or 
that magnesium may suppress digitalis-induced triggered 
activity in ventricular tissue.^? 

The ability of potassium depletion to enhance the risk 
of digoxin toxicity may be related to several interactions. 
Perhaps most important is the effect of potassium on 
cardiac glycoside binding to myocardium. Cardiac gly- 
coside binding to the sarcolemmal sodium potassium- 
adenosine triphosphatase (NaK-ATPase)—the molecu- 
lar “receptor” for these drugs—is favored by phosphory- 
lation of the enzyme in the presence of sodium. The 
association of potassium with this conformation of the 
enzyme results in dephosphorylation and a substantial 
reduction in the likelihood that a cardiac glycoside will 
successfully bind to and inhibit this enzyme.*!*? As po- 
tassium is a necessary co-factor in vivo for the normal 
operation cycle of NaK-ATPase—the sodium pump— 
severe hypokalemia («2.5 mEq/liter) will itself reduce 
the turnover rate of the pump, exacerbating pump inhibi- 
tion due to cardiac glycosides. In rats, chronic hypokale- 
mia is known to reduce substantially the number of NaK- 
ATPase units in skeletal muscle,** but not in myocardi- 
um, thus reducing the binding of the drug to peripheral 
tissues. Finally, hypokalemia may influence the genesis of 
digitalis-induced arrhythmias. The enhanced automatic- 
ity of cardiac tissue in response to toxic levels of cardiac 
glycosides is increased by hypokalemia in experimental 
animals,?444 and the appearance of delayed afterdepolar- 
ization that may reach threshold is antagonized by hyper- 
kalemia.*> Clinical experience suggests that such electro- 
physiologic effects also occur in humans. 

In contrast to hypokalemia, when the serum potassi- 
um concentration is normal or elevated (25.4 mEq/li- 
ter), any further increase in extracellular potassium will 
necessarily result in further depolarization of cells. This 
effect may be most pronounced in AV nodal tissue, where 
conduction is relatively slow, leading to an exacerbation 
of digitalis-induced conduction delays.*6 Thus, there is a 
*bimodal" effect of potassium on AV conduction; hypo- 
kalemia may exacerbate digitalis-induced AV block, 
whereas hyperkalemia may worsen nodal conduction de- 
lays of any etiology. For this reason, potassium should be 
administered cautiously to any patient with first- or sec- 
ond-degree AV block, and facilities for external or trans- 
venous cardiac pacing should be readily available. Simi- 
larly, sinoatrial conduction defects due to digitalis may be 
exacerbated by potassium. Potassium is most efficacious 
for treatment of cardiac glycoside-induced ventricular 
arrhythmias and may be effective even when the serum 
potassium concentration is normal. 

The routine administration of potassium supplements 
to patients with moderate to severe CHF receiving loop 
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diuretics and digoxin is probably justified. However, sev- 
eral classes of drugs often prescribed’ in these patients 
may also raise the serum potassium concentration, in- 
cluding potassium-sparing diuretics, angiotensin-con- 
verting enzyme inhibitors and nonselective 8 blockers. 

Other factors that frequently increase the risk of di- 
goxin toxicity are primarily those that result in reduced 
clearance of the drug. Renal function should always be 
quantified before prescribing a maintenance digoxin 
dose, and several antiarrhythmic drugs, including quini- 
dine," verapamil*® and amiodarone’? may reduce the 
excretion of digoxin.?? Although advanced age itself is 
often considered a risk factor for digoxin toxicity, this is 
probably due to the increased prevalence of many factors 
known to increase separately sensitivity to the cardiac 
glycosides in elderly patients, including reduced renal 
function, hypothyroidism, ischemic heart disease and the 
prescription of other medications. 

Treatment of cardiac glycoside toxicity: Recognition 
of digoxin toxicity and withdrawal of the drug are the 
first steps in treatment. The serum potassium should be 
measured, the patient's acid-base status should be evalu- 
ated and electrocardiographic monitoring should be initi- 
ated, if clinically indicated. The indications for adminis- 
tration of potassium salts have been noted before. Among 
the available antiarrhythmic agents, lidocaine and pheny- 
toin are the agents of first choice, because they effectively 
suppress ventricular ectopic activity with little effect on 
sinoatrial or AV nodal conduction. 

Importantly, the widespread availability of Fab frag- 
ments of high-affinity antidigoxin antibodies provides the 
clinician with a means of rapidly and selectively reversing 
digitalis toxicity with little risk of adverse effects.! "2! 
These antidigoxin antibodies will also reverse the thera- 
peutic effect of digoxin, including desired inotropic and 
antiarrhythmic activities, although this can usually be 
easily managed in the short run with other medications. 
Because cardiac glycosides are most efficacious in the 
patient population at greatest risk for digitalis intoxica- 
tion, prevention of toxicity is a high priority. The avail- 
ability of a highly selective and safe antidote to digitalis 
provides the clinician with an important safety net should 
toxicity develop. 
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Interaction of Diuretics and Electrolytes in 
Congestive Heart Failure 


M. Gary Nicholls, MD 


Diuretic drugs have been the mainstay of treatment 


for heart failure. Specific elucidation of the effects 
of diuretics on electrolytes, however, has been diffi- 
cult, since the heart failure state itself may alter the 
electrolyte balance. Nevertheless, it is noteworthy 
that the natriuretic effect of loop diuretics is great- 
er in edematous patients than in healthy volunteers; 
yet, the initial kaliuresis is minimal—perhaps be- 
cause aldosterone levels are low. With continued 
treatment (or after the edema has been cleared), 
however, the natriuretic action of loop diuretics is 
less than that seen in controls, but loss of potassi- 
um occurs. The addition of a thiazide to a loop diu- 
retic enhances its natriuretic effect. Both loop and 
thiazide diuretics can induce depletion of magne- 
sium. Potassium-sparing diuretic drugs augment 
the natriuresis induced by loop or thiazide diuretics 
but limit or prevent the loss of potassium or magne- 
sium in the urine, at least in the short term. How- 
ever, potassium-sparing diuretics can exacerbate 
the development of hyponatremia. 

(Am J Cardiol 1990;65:17E-21E) 
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lectrolyte abnormalities are one of the patho- 
ossis hallmarks of congestive heart failure. 
atients with these abnormalities manifest striking 
retention of sodium and water and marked depletion of 
potassium and magnesium. The mechanisms underlying 
these perturbations are complex and include a decreased 
dietary intake of electrolytes, activation of renal sodium- 
retaining mechanisms (e.g., the renin-angiotensin sys- 
tem, the sympathetic nervous system and renal hypoper- 
fusion), and the retention of water in excess of sodium 
(due to the actions of angiotensin II on thirst, vasopressin 
secretion and renal blood flow). Potassium depletion may 
occur when neurohormonal systems are stimulated by 
diuretic therapy and may be especially profound when 
skeletal muscle wasting is advanced. Finally, the renal 
response to aldosterone and perhaps to other stimuli is 
altered in heart failure. In particular, the kidney fails to 
"escape" from the salt-retaining actions of aldosterone, 
as was demonstrated many years ago by Nelson and 
August.! 

The electrolyte derangements seen in heart failure 
have not been fully characterized, especially in patients 
who are not treated with diuretics. Many of the tech- 
niques for measuring electrolytes have become available 
only recently—at a time when diuretic therapy is almost 
universally prescribed. It is impossible, therefore (in the 
modern era), to separate the effects of diuretics on elec- 
trolytes from those of the heart failure state itself. This 
limitation should be kept in mind during the subsequent 
discussions of the electrolyte consequences of treatment 
with loop diuretics, thiazide diuretics and potassium- 
sparing diuretics. Matters are made even more compli- 
cated when patients are receiving more than | type of 
diuretic drug. 


LOOP DIURETICS 

Sodium balance: Loop diuretic drugs can induce a 
vigorous natriuresis and diuresis in patients with heart 
failure. In patients with edema, the magnitude of the 
natriuresis and diuresis is greater than in healthy control 
subjects,? at least for those in whom hemodynamic im- 
provement occurs. By contrast, in patients who have no 
peripheral edema or who have previously taken diuretic 
therapy on a regular basis, the natriuretic response is less 
than in healthy volunteers.? Porter et al* observed that the 
diuretic and natriuretic effects of intravenous ethacrynic 
acid were greater in patients with systemic vascular con- 
gestion than in those without edema. 

For patients taking diuretic drugs on a regular basis, 
the magnitude of the natriuresis is related to the renal 
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clearance of the diuretic.? Thus, the greater the impair- 
ment of cardiac function and renal blood flow, the less the 
amount of loop diuretic secreted into the proximal tubule 
to act at its active site in the loop of Henle. This premise 
may explain why hydralazine enhances the natriuretic 
effect of furosemide,? presumably because hydralazine 
increases renal blood flow and hence the delivery of both 
sodium and the diuretic to the renal tubule. A similar 
phenomenon occurs with the angiotensin-converting en- 
zyme inhibitors. Captopril increases the renal effects of 
furosemide,$ although additional factors, such as the de- 
cline in plasma angiotensin II and aldosterone, may also 
contribute to the increase in urinary sodium excretion. 

In patients with heart failure and edema, the diuretic 
and natriuretic effects of bumetanide are greater in the 
supine than in the standing position.’ This finding is not 
surprising, since many sodium-conserving mechanisms 
are activated on standing, and the delivery of both the 
diuretic and sodium to the kidney declines when patients 
are upright. 
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In conclusion, the natriuretic effect of loop diuretics in 
heart failure depends on the presence or absence of ede- 
ma, the prior use of diuretics, and the severity of cardiac 
failure and renal dysfunction. 

Potassium and magnesium balance: For edematous 
patients with heart failure who have received little or no 
previous treatment, furosemide or ethacrynic acid have a 
small kaliuretic action, at least when potassium intake in 
high.^* This observation may be explained by the fact 
that plasma levels of aldosterone often remain low in 
edematous patients during the early natriuretic phase 
(Fig. 1), so that distal tubular reabsorption of sodium in 
exchange for potassium will be limited. With continued 
diuretic administration, however, potassium depletion oc- 
curs as aldosterone levels increase, often to extremely 
high values.5? As the daily dose of furosemide increases, 
the renin-angiotensin-aldosterone system becomes pro- 
gressively activated?? (Fig. 2), and exchangeable body 
potassium declines.’ Prolonged high-dose treatment 
with loop diuretics is, therefore, likely to deplete body 
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FIGURE 1. Hormone and electrolyte 
effects of introducing furosemide 
(frusemide) and digoxin in a 68- 
year-old previously untreated wom- 
an with gross edema due to cardiac 
failure. Note the major natriuresis, 
the minor kaliuresis, and low levels 
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potassium stores through stimulation of aldosterone se- 
cretion. 

Analysis of the changes in potassium induced by diu- 
retic therapy is complicated by the fact that the heart 
failure state itself, independent of diuretic treatment, is 
associated with a loss of total body potassium. Thus, it is 
difficult to assess the independent contribution of diuretic 
therapy to the potassium deficits observed. This problem 
is highlighted by Edmondson et al!! who attributed the 
intracellular electrolyte abnormalities they observed to 
the underlying heart disease rather than to treatment, 
although they conceded that diuretic therapy may have 
exacerbated the deficiency of potassium. One study even 
reported that diuretic therapy (along with potassium sup- 
plements) increased exchangeable potassium.!? Most 
studies have shown, however, that loop diuretics exacer- 
bate the loss of body potassium.? 

Loop diuretics may also cause the loss of magnesium 


Plasma Renin 
Activity 
(nmol/l/hr) 


200 


Plasma 
Angiotensin Il 
(pmol/l) 10 









Plasma 
Aldosterone 


(pmol/l) 


40 80 160 


Furosemide (mg) 


500 1000 


FIGURE 2. Relation between plasma levels of renin activity, 
angiotensin Il and aldosterone, and chronic maintenance doses 
of furosemide in patients with cardiac failure. (Reprinted with 
permission from Clin Exp Pharmacol Physiol.!?) 
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in the urine!^!5; if magnesium deficiency develops, asso- 
ciated hypokalemia and arrhythmias frequently occur.!® 
As with potassium, however, it is not possible to distin- 
guish the role played by the heart failure state itself from 
that played by the diuretic. 

Loop diuretics may produce changes in plasma levels 
of electrolytes in addition to altering their body content. 
Furosemide may exacerbate the hyponatremia of heart 
failure! as well as foster the development of hypokalemia 
and hypomagnesemia. However, plasma levels of these 
electrolytes generally are a poor guide to the total body 
content of these cations. 


THIAZIDE DIURETICS 

Early studies in heart failure demonstrated that thia- 
zide diuretics increased urinary sodium and potassium 
excretion (Fig. 3), although wide interindividual differ- 
ences were apparent.'® The natriuretic, kaliuretic and 
diuretic effects of loop diuretics appear to be enhanced by 
adding metolazone,'? although the data supporting this 
observation are limited. Some thiazide-treated patients 
also have evidence of an important magnesium deficit; 
they have low values for skeletal muscle magnesium and 
potassium, which can be corrected by magnesium admin- 
istration.” It is always difficult, however, in patients with 
heart failure to distinguish the effects of diuretics from 
those of digoxin, dietary intake and neurohormones. Sim- 
ilar problems complicate interpretation of the data of 
Dyckner and Wester,*! who demonstrated low levels of 
both potassium and magnesium in the skeletal muscle of 
diuretic-treated (primarily thiazide) patients with heart 
failure. The magnitude of these potassium and magne- 
sium deficits, however, was similar to that seen in diuret- 
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FIGURE 3. Mean cumulative balance of sodium and potassium 
in cardiac failure over the first 7 days of therapy with cyclo- 
penthiazide (n = 6). (Reprinted with permission from Acta 
Med Scand.**) 
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ic-treated patients with hypertension,?! suggesting an im- 
portant role for diuretics in the electrolyte abnormalities 
of heart failure. 

Prevention of potassium deficits during the use of loop 
or thiazide diuretics may be achieved to a greater or lesser 
extent by the concomitant administration of a potassium- 
sparing diuretic or an angiotensin-converting enzyme in- 
hibitor (see later), by restriction of dietary sodium intake 
or by supplementation of dietary potassium with a potas- 
sium chloride preparation. The dose requirements of po- 
tassium vary, but studies using thiazides in patients with 
hypertension!5 or heart failure? suggest that a consider- 
able intake (probably more than 20 mmol/day of potassi- 
um) is needed to increase the serum potassium concentra- 
tion or prevent cumulative potassium loss. 


POTASSIUM-SPARING DIURETICS 

Amiloride, spironolactone and triamterene induce a 
natriuresis and chloriuresis, but act to retain potassium 
and magnesium in patients with heart failure. One of the 
first studies to demonstrate these unique characteristics 
was performed by Lant et al, who showed that amilo- 
ride increased urinary sodium and chloride but decreased 
potassium excretion in a dose-dependent fashion. Amilo- 
ride also enhanced the natriuretic effect and inhibited the 
kaliuretic actions of the loop diuretic, ethacrynic acid.” 
These characteristics have been seen in a variety of potas- 
sium-sparing diuretics in independent investigations.^^-76 

However, Davidson and Gillebrand raised the possi- 
bility that the long-term effects of potassium-sparing 
diuretics may be less marked than their well-established 
short-term effects. In their study, although the addition 
of amiloride to high-dose furosemide increased exchange- 
able potassium by 320 mmol during the initial 3 months 
of treatment, more than half of this effect was lost during 
the subsequent 3 months of continued therapy. Similarly, 
the weight loss seen during the initial months of therapy 
was ultimately regained. However, changes in body 
weight under these circumstances cannot be taken to 
accurately reflect changes in body sodium content. 

Potassium-sparing diuretic drugs also act to retain 
magnesium. Amiloride decreases urinary magnesium 
(and potassium) excretion and increases lymphocytic 
magnesium (and potassium) concentrations in patients 
receiving furosemide for congestive heart failure.!^ Simi- 
lar observations have been reported for spironolactone by 
Sheehan and White.!^ 

There have been few studies of the effects of potassi- 
um-sparing diuretics on electrolytes when administered 
to patients with heart failure receiving angiotensin- 
converting enzyme inhibitors. Ikram et al?? reported that 
spironolactone induced a considerable diuresis and 
weight loss in edematous patients who had proved resis- 
tant to the combination of a loop diuretic and converting- 
enzyme inhibitor. Considerable caution is needed under 
these circumstances, however, since the combination of a 
potassium-sparing diuretic and a converting-enzyme in- 
hibitor may provoke hyperkalemia and azotemia. 

Potassium-sparing diuretics not only alter urinary 
concentrations of electrolytes but may also change plas- 
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ma levels of sodium, potassium and magnesium. In gener- 
al, the use of these drugs in patients receiving a thiazide or 
loop diuretic is accompanied by an increase in plasma 
potassium and magnesium but a decrease in sodium con- 
centration. !426.29.30 


CONCLUSIONS 

Assessment of the electrolyte effects of diuretics in 
heart failure is difficult for 2 reasons. First, it is difficult 
(if not impossible) to separate the effects of diuretics from 
the effects induced by heart failure itself; this is particu- 
larly true for potassium and magnesium. Second, cur- 
rently available techniques (with the possible exception of 
whole body sodium and potassium measurements) have 
important limitations. Alternative techniques for detect- 
ing changes in sodium or potassium balance include met- 
abolic balance studies and measurements of exchange- 
able sodium or potassium. The former approach is cum- 
bersome and can be used only for short periods; the latter 
involves the administration of radiolabeled tracers and is 
not always a reliable index of total body content.?! Fur- 
thermore, current techniques do not routinely measure 
intracellular levels of sodium, potassium and magnesium. 
Plasma or serum levels of cations can be determined 
easily, but these levels have a weak relation with the total 
body content or intracellular concentrations of these elec- 
trolytes.?? 

Notwithstanding these difficulties, it is clear that loop 
and thiazide diuretics can induce deficits of sodium, po- 
tassium and magnesium in patients with heart failure. 
Plasma levels of these ions, especially those of potassium 
and magnesium, frequently decline. Potassium-sparing 
diuretics enhance the natriuretic action of loop and thia- 
zide diuretics while counteracting their ability to deplete 
body stores of potassium and magnesium. These drugs 
(especially spironolactone) may preserve plasma levels of 
potassium but can induce hyponatremia. The use of po- 
tassium-sparing agents is further complicated by the lack 
of dose-response information and the fact that the phar- 
macokinetics of thiazide? and loop diuretics?* are modi- 
fied in patients with heart failure. 
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Discussion 


Dr. Milton Packer (New York, New York): To what 
degree can we reliably estimate the severity of a potassi- 
um deficit in patients with chronic heart failure by mea- 
suring their serum potassium? Some data suggest that 
most patients with a serum potassium of 3.5 mEg/liter or 
less have a potassium deficit of at least 200 mEq. Is that 
true? 

Dr. Robert G. Narins (Philadelphia, Pennsylvania): 
We really do not know. There have been few attempts to 
directly correlate the measurement of total body potassi- 
um and serum potassium concentration in disease states. 
In normal volunteers studied in a carefully monitored 
setting (such as in a metabolic unit of a clinical research 
center), a fall in the serum potassium concentration 1.0 
mEq /liter has been associated with a total body deficit of 
about 400 mEq. This seems to be true whether potassium 
depletion is achieved by diuretics or by the consumption 
of a low-potassium diet. Unfortunately, similar correla- 
tive data are largely lacking in patients with congestive 
heart failure. One might expect, however, that in patients 
with heart failure, a low serum potassium might not nec- 
essarily reflect as large a potassium deficit as might be 
present in a normal or hypertensive subject, since potassi- 
um may not be normally distributed (between the intra- 
cellular and extracellular space) in patients with heart 
failure because of their marked degree of neurohormonal 
activation. 

Dr. M. Gary Nicholls (Shatin, New Territories, Hong 
Kong): In general, studies have shown a very poor rela- 
tion between serum potassium and either exchangeable 
or total body potassium. Even in studies that claim to 
have observed a close relationship, the confidence limits 
are so wide that it would be nearly impossible to look at an 
individual patient with a low serum potassium (e.g., 3.2 
mEq/liter) and attempt to predict how depleted the total 
body stores of potassium may be. I do not think that you 
can do that reliably. 

Dr. Narins: The real problem in interpreting a single 
measurement of serum potassium is that there are so 
many forces in play than can alter the distribution of 
potassium across cell membranes. 

Dr. Nicholls: To make matters more complicated, the 
distribution of potassium between the intracellular and 
extracellular compartments may vary in different organs. 
For example, the heart seems to maintain its level of 
intracellular potassium under adverse conditions (such as 
heart failure) much better than does skeletal muscle. 

Dr. Packer: But which compartment determines the 
body’s physiologic response? For example, is the suscepti- 
bility to digitalis toxicity related to the level of intracellu- 
lar potassium? The total body potassium? The trans- 
membrane gradient? All of the above? None of the 
above? 

Dr. Ralph A. Kelly (Boston, Massachusetts): It is my 
understanding that the potassium gradient across the cell 
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membrane determines the susceptibility to the toxicity of 
digitalis. So both the extracellular as well as the intracel- 
lular potassium concentration play a role. Given the 
Nernst equation, however, this gradient will be much 
more affected by the concentration of extracellular potas- 
sium than by the concentration of intracellular potassi- 
um. 
I agree, however, that the distribution of potassium 
across cell membranes differs greatly in different organs. 
In response to the stress of hypokalemia, skeletal muscle 
and adipose tissue develop large deficits of potassium, 
whereas renal and myocardial tissue may be resistant to 
potassium depletion. Even a total body deficit of 400 mEq 
of potassium may cause relatively little effect on myocar- 
dial levels of the cation. 

Dr. Narins: I agree. Several years ago, investigators 
experimentally lowered the serum potassium of rabbits to 
a level of 1.5 mEg/liter and found that myocardial potas- 
sium was completely normal. If this is true in man, one 
might expect that a low serum concentration of potassi- 
um coupled with a normal intracellular level could lead to 
abnormal electrochemical gradients across the cell mem- 
brane. The resulting changes in membrane polarization 
could lead to serious arrhythmias. 

Dr. Packer: Are the alterations in digoxin clearance or 
in the binding of digoxin to the tissues produced by 
changes in the potassium balance related to the intracel- 
lular or extracellular concentration of potassium? 

Dr. Kelly: With respect to the binding of digoxin to the 
tissues, extracellular potassium seems to be the most im- 
portant. With respect to the renal clearance of digoxin, 
the data are less clear. 

Participant: It is a common experience that patients 
who have recently undergone major heart surgery have 
extraordinarily severe potassium deficits. What is the 
mechanism underlying this observation? How should it 
be corrected? 

Dr. Narins: There are many mechanisms that can 
contribute to the potassium deficits seen in the postopera- 
tive patient. These patients are often receiving diuretics 
and may have been treated with mannitol (to achieve 
volume expansion). Both interventions can markedly in- 
crease the loss of potassium in the urine. Surgeons are 
often desperate to maintain high rates of urine flow in 
these patients, but this approach promotes the renal loss 
of potassium. The postoperative patient also frequently 
has high levels of catecholamine and may have serious 
acid-base disturbances, both of which may cause redistri- 
butional changes in potassium. Regardless of the mecha- 
nisms involved, the patient should receive as much potas- 
sium repletion as is needed to achieve a normal serum 
potassium concentration. 

Participant: Dr. Nicholls emphasized that potassium- 
sparing diuretics may cause hyponatremia; perhaps this is 
particularly common with spironolactone. How severe 
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can this hyponatremia become? Can you speculate about 
the mechanisms involved in this effect? 

Dr. Nicholls: Hyponatremia is not uncommon with 
the use of potassium-sparing diuretics, particularly in 
elderly women. It can be serious; fatal cases have been 
reported. The mechanisms responsible for the develop- 
ment of hyponatremia remain undefined. I would suggest 
one: The addition of a potassium-sparing diuretic to a 
loop diuretic may activate the renin-angiotensin system. 
The increased levels of angiotensin may lower the serum 
sodium concentration either by directly stimulating the 
thirst center, by impairing the clearance of free water by 
the kidney, and by promoting the release of antidiuretic 
hormone. 

Participant: Dr. Kelly suggested that potassium sup- 
plements may be contraindicated in patients with severe 
renal impairment. Dr. Narins also suggested that the 
normal ability of the kidney to maintain potassium ho- 
meostasis is impaired in patients with renal disease. At 
what point should we be concerned about giving potassi- 
um supplements to patients with renal insufficiency? 

Dr. Narins: The risk of hyperkalemia is real in any 
patient with renal disease. The more advanced the renal 
dysfunction, the greater the risk of potassium toxicity. 
The risk is particularly high in patients who are being 
treated with potassium-sparing diuretics; some studies 
suggest that up to 70% of patients with a blood urea 
nitrogen greater than 40 mg/dl may develop hyperkale- 
mia during treatment with spironolactone. Hence, if one 
needs to treat hypokalemia in a patient with impaired 
renal function, it is safer to use potassium chloride supple- 
ments than a potassium-sparing diuretic. 

As one might expect, there are exceptions to this rule. 
Some renal diseases are characterized by potassium wast- 
ing. But one must be careful about potassium supple- 
ments even in these cases, because the margin for error is 
so small. 

Dr. Kelly: I would like to add to that. In my experi- 
ence, potassium-sparing diuretics tend not to be effective 
in producing a natriuresis in patients whose serum creati- 
nine is greater than 3 mg/dl or whose creatinine clear- 
ance is less than 20 ml/min. Yet, even if these drugs do 
not increase urinary sodium excretion, they can still have 
potent potassium-retaining effects. 

Participant: The ability of catecholamines to affect 
the relation between intracellular and extracellular potas- 
sium would seem to complicate matters greatly. Is it still 
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advisable to give potassium supplements in the setting of 
an acute myocardial infarction or in a patient who has 
just been resuscitated from cardiac arrest? 

Dr. Narins: The problem is not that difficult. There 
are approximately 4,200 mEq of potassium in the body. 
Of those, nearly 95% resides in the intracellular space, 
leaving only 60 mEq of potassium in the extracellular 
space. If a trivial amount of potassium (say 30 mEq) 
moved from the extracellular to the intracellular space, 
the serum potassium concentration would fall from 4.0 to 
2.0 mEg/liter. Hence, the amount of potassium that 
needs to be shifted into the cells to effect major changes in 
the extracellular concentration is rather slight. These 
concepts suggest that only small amounts of potassium 
may be needed to correct the hypokalemic state in pa- 
tients who are experiencing an acute myocardial infarc- 
tion; this amount is too small to place patients at risk of 
potassium overload. 

Participant: Suppose the serum potassium concentra- 
tion is between 4.0 to 4.3 mEq/liter. Is giving a little extra 
potassium associated with more good or more harm? 

Dr. Narins: We do not know, and we should. There are 
no data available that would help to guide such a decision. 

I was wondering about another point, however. Why 
do some patients with heart failure have normal or even 
low levels of aldosterone? Is it because they have high 
levels of atrial natriuretic peptide, and is it the peptide 
that suppresses the secretion of aldosterone by the adre- 
nal? 

Dr. Nicholls: This is certainly possible, but I still be- 
lieve that angiotensin is the most important factor in 
determining the secretion of aldosterone in patients with 
heart failure. In the face of high levels of angiotensin, I 
am not certain that atrial natriuretic peptide would exert 
much of an inhibitory effect. 

Dr. Packer: The ability of atrial natriuretic peptide to 
interfere with the renin-angiotensin system seems to de- 
pend on the phase of heart failure—at least it would 
appear so from studies of experimentally-induced heart 
failure produced by rapid pacing. Shortly after the onset 
of pacing, renin rises markedly only to fall abruptly once 
again, as the heart fails and atrial natriuretic peptide is 
released. During the chronic phase of heart failure, how- 
ever, atrial natriuretic peptide can no longer suppress the 
release of renin, and thus, plasma renin activity may be 
very high, even though natriuretic peptide levels are also 
markedly elevated. | 
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Interaction of the Sympathetic Nervous System 
and Electrolytes in Congestive Heart Failure 


Gary S. Francis, MD 


Congestive heart failure is characterized by both 


disturbances in electrolyte homeostasis and neuro- 
hormonal regulation. Total body potassium is re- 
duced, and this reduction bears a modest relation 
to activation of the sympathetic nervous system 
and the renin-angiotensin-aldosterone system. Pa- 
tients with decompensated heart failure show in- 
creases in both plasma epinephrine and plasma 
norepinephrine, whereas patients with chronic sta- 
ble heart failure usually have an increase only in 
plasma norepinephrine. High levels of circulating 
epinephrine may contribute to the development of 
hypokalemia by activating skeletal muscle and liver 
membrane 62-adrenergic receptors, which in turn 
stimulate intracellular cyclic adenosine monophos- 
phate to activate the membrane-bound Na‘K*- 
adenosine triphosphatase pump. The net result is 
that potassium flux across the cell membrane from 
the extracellular to the intracellular space in- 
creases, setting the stage for hypokalemia and pos- 
sibly serious ventricular arrhythmias. 

Other mechanisms that may contribute to the 
development of hypokalemia in heart failure include 
the kaliuresis brought on by excessive levels of al- 
dosterone. Moreover, it is likely that the activity of 
the sympathetic nervous system in heart failure is 
facilitated by concomitant activation of the renin- 
angiotensin system. Increased sympathetic nerve 
activity may then release additional renin from the 
kidney (by way of a 82-adrenergic mechanism). 
Therefore, both the sympathetic nervous system 
and the adrenal medulla may interact to cause hy- 
pokalemia in patients with heart failure. Because 
hypokalemia is known to predispose patients to 
ventricular arrhythmias, it may be prudent to ag- 
gressively maintain serum potassium levels in pa- 
tients with heart failure in the range of 4 to 5 mEq/ 
liter. 

(Am J Cardiol 1990;65:24E-27E) 
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drome, characterized by multiple metabolic dis- 

turbances, including electrolyte abnormalities.!? 
Magnesium and potassium (K*) are reduced in both 
plasma and in skeletal muscle in patients with heart fail- 
ure.! The reduction in total body K* cannot be explained 
by simple muscle wasting, dosage of diuretic drug, 
severity of heart failure or changes in renal function.’ 
Patients with heart failure do, however, demonstrate an 
inverse and significant (p <0.001) relation between circu- 
lating renin and serum potassium (r — 0.53), and also 
between plasma norepinephrine and serum potassium 
(r = —0.53).3 It is therefore possible that neurohumoral 
activation itself contributes to the development of hypo- 
kalemia in these patients. 

Total body sodium is increased in patients with heart 
failure,? but more than half of this increase is accounted 
for by intracellular sodium stores. Potassium is largely an 
intracellular cation and is not freely exchangeable with 
the extracellular pool. Thus, serum concentrations of so- 
dium and potassium do not relate closely with the intra- 
cellular concentrations of these cations.? Nevertheless, it 
is the serum levels of these electrolytes that physicians 
routinely monitor. 

Low levels of serum K* are known to correlate with 
ventricular arrhythmias,^? but there is substantial het- 
erogeneity in individual data. In 1 study involving 84 
patients with heart failure, the correlation between serum 
K* and ventricular premature complexes on Holter mon- 
itor was modest (r = —0.44), indicating that multiple 
additional factors other than hypokalemia are likely to 
account for ventricular arrhythmias in this patient 
group.? Nevertheless, it is reasonable to assume that pa- 
tients with heart failure who have hypokalemia are at 
additional risk for ventricular arrhythmias and sudden 
death. This concept takes on particular importance in 
light of the recent recognition of a high prevalence of 
serious ventricular arrhythmias and sudden, unexpected 
death in patients with advanced left ventricular dysfunc- 
tion.^5 


(Cm heart failure is a complex clinical syn- 


PLASMA CATECHOLAMINES IN PATIENTS 
WITH HEART FAILURE 

Plasma norepinephrine is increased in patients with 
congestive heart failure,?!? although the mechanism by 
which the sympathetic nervous system is activated in 
heart failure remains unclear. Nevertheless, plasma nor- 
epinephrine does correlate well with directly measured 
sympathetic neuronal traffic in patients with heart fail- 
ure,!! and plasma levels of this neurotransmitter are be- 
lieved to be a reasonable estimate of general sympathetic 











Vicious Cycle of CHF 
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FIGURE 1. Congestive heart failure 
(CHF) is a complex clinical syn- 
drome characterized by activation 
of neurohumoral mechanisms that 
may contribute further to expres- 


sion of the syndrome. It is possible t Sympathetic drive 

but not proven that sympathetic t Renin-angiotensin-aldosterone 
nervous system activation, as well t Arginine vasopressin 

as renin-angiotensin activation, 

leads to arrhythmias through direct 


and indirect production of hypokale- Peripheral vasoconstriction 
mia. LV = left ventricular. 


Na*and H 20 retention 
Hypokalemia, hyponatremia 
? Arrhythmias 





activity. It is believed that activation of the sympathetic In patients with advancing heart failure, plasma nor- 
nervous system in heart failure is a “compensatory” re- epinephrine progressively increases, whereas pump func- 
sponse to a perceived need to heighten perfusion pressure tion remains relatively constant (Fig. 2).!? This observa- 
to vital organs and enhance myocardial contractility.? It tion may explain why an elevated plasma norepinephrine 


"| is, however, hypothesized that activation of this and other is associated with a poor prognosis in patients with ad- 


neurohumoral mechanisms in heart failure may ultimate- vanced heart failure, whereas left ventricular function is 
ly lead to further pump dysfunction, and possibly, to predictive only when a broad spectrum of patients with 
arrhythmias (Fig. 1). varying degrees of myocardial dysfunction are studied.!4 


FIGURE 2. Twenty-five patients 
with congestive heart failure were 
followed up for a mean of 19.6 + 
2.7 months. All patients underwent 
baseline plasma norepinephrine 
evaluation when first referred to the 
clinic while receiving digitalis and 
diuretics. Patients then began treat- 
ment with captopril or enalapril and 
underwent follow-up plasma norepi- 
nephrine determinations at 5.6 + 
1.5 months (n = 22) and at 19.6 + 
2.7 months (n = 25). There was a 
trend for progressive increase in 
plasma norepinephrine over time. 
These data have in part been previ- 
ously published. (Adapted from Am 
Heart J.!?) 
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A SYMPOSIUM: HORMONE-ELECTROLYTE INTERACTIONS IN CONGESTIVE HEART FAILURE 


Epinephrine 


B, receptor 
adenyl cyclase 


Na Na Na 


K K 


(skeletal muscle, 
liver) 


Unlike plasma norepinephrine (which is a neurotrans- 
mitter), plasma epinephrine is a true hormone, released 
from the adrenal medulla. Plasma epinephrine is in- 
creased in only a small fraction of patients with heart 
failure, usually during periods of overt clinical decompen- 
sation.!° 

These differences between plasma norepinephrine 
and plasma epinephrine are important with regard to the 
pathogenesis of hypokalemia. It is the 8;-adrenergic re- 
ceptor that is operative in initiating the steps necessary to 
drive potassium into the cell against a gradient, thereby 
promoting hypokalemia.!6 The 8;-adrenergic receptor, 
however, has a greater affinity for epinephrine than for 
norepinephrine. One would therefore expect a stronger 
relation between increased plasma epinephrine and hypo- 
kalemia than between plasma norepinephrine and hypo- 
kalemia. Support for this concept is derived from the 
studies of Nordrehaug et al,!" who demonstrated a strong 
relation between serum potassium and ventricular ar- 
rhythmias in patients with acute myocardial infarction, a 
condition in which plasma epinephrine is known to in- 
crease markedly.!? In this study, serum potassium con- 
centrations correlate inversely with plasma epinephrine 
but not with plasma norepinephrine. 


HYPOKALEMIA FROM BETA-ADRENERGIC 
RECEPTOR STIMULATION 

Rosa et al!? reported in 1980 that a tolerance to potas- 
sium load in humans is enhanced by the continuous infu- 
sion of epinephrine (1 ug/min). Brown et al!'6 demon- 
strated that epinephrine can cause hypokalemia; this re- 
sponse, however, can be blocked by the selective 6» 
antagonist ICI 118551. Vincent et al^? showed that salbu- 
tamol, a relatively selective 85 agonist, also reduces serum 
potassium, and this response can be markedly attenuated 
by propranolol, a nonselective 8\- and 85-blocking agent. 
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FIGURE 3. Cellular mechanism 
suggesting how 62-adrenergic re- 
ceptor stimulation with epinephrine 
leads to increased intracellular cy- 
clic adenosine monophosphate 
(cAMP). Cyclic AMP then stimu- 
lates membrane-bound sodium-po- 
tassium adenosine triphosphatase 
(Nat-K*-ATPase), which exchanges 
intracellular sodium (Na+) ions for 
extracellular potassium (K+) ions, 
thus causing a shift from the extra- 
cellular to the intracellular compart- 
ment. (Adapted from Am J Car- 
diol.) 


Na-K — ATPase 


Taken together, these studies provide strong evidence 
that activation of 8;-adrenergic receptors decreases ex- 
tracellular potassium. These 6» receptors are primarily 
found on skeletal muscle and liver cell membranes, al- 
though other locations may also be important. 

The electrophysiologic studies of Clausen and Flat- 
man?! in 1977 were instrumental in providing an explana- 
tion for the effects of a 8» agonist on serum potassium. 
Based on these data, one can formulate a hypothesis of 
how epinephrine may increase intracellular potassium 
and reduce serum potassium (Fig. 3). Epinephrine binds 
to the membrane 85-adrenergic receptor, activating cellu- 
lar adenyl cyclase. The subsequent increase in intra- 
cellular 3’5’-cyclic adenosyl monophosphate activates 
NatKt-adenosine triphosphatase, thereby allowing ex- 
tracellular potassium to be “pumped” into the cell against 
a substantial gradient. This mechanism becomes particu- 
larly important during dynamic exercise. During exer- 
cise, potassium leaks from working muscles and enters 
the extracellular space, acting to increase serum potassi- 
um. This increase is partially offset, however, by an in- 
crease in plasma epinephrine, which occurs in parallel to 
the generalized activation of the sympathetic nervous 
system during exercise.” Therefore, after 8-adrenergic 
blockage with propranolol, there may be a striking in- 
crease in serum potassium during exercise, possibly relat- 
ed to the fact that the 62 receptor is blocked and cannot 
operate to maintain potassium homeostasis.” It is possi- 
ble that in patients with decompensated or advanced con- 
gestive heart failure (who have high levels of circulating 
epinephrine) hypokalemia develops partly because of a 
propensity to this -adrenergic mechanism, although 
other factors, including increased aldosterone activity on 
the distal renal tubule may also play a role. Because 
ventricular arrhythmias and hypokalemia are highly cor- 
related in patients with heart failure,’ a deficit of extra- 
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cellular potassium may be important in the genesis of 
sudden, unexpected death. 


CONCLUSIONS 

In summary, patients with heart failure manifest both 
neurohumoral and electrolyte abnormalities that are like- 
ly to be interrelated.?^ The increase in plasma norepi- 
nephrine may promote ventricular arrhythmias directly 
or indirectly by activating the renin-angiotensin-aldoste- 
rone system (thereby stimulating the kidney to excrete 
potassium) and predisposing to hypokalemia. In very ad- 
vanced or decompensated heart failure, the increase in 
plasma epinephrine may activate adrenergic 9? receptors 
to cause a shift of extracellular potassium into skeletal 
muscle and liver cells, thereby leading to hypokalemia. 
Although unproven, it is likely that hypokalemia or rapid 
transmembrane shifts of potassium across cells (includ- 
ing the myocardium), or both, can predispose the patient 
with heart failure to serious ventricular arrhythmias and 
sudden death. These observations suggest that every ef- 
fort should be made to maintain serum potassium con- 
centrations in these patients, probably within the range of 
4 to 5 mEq/liter. This strategy may offer a practical and 
safe opportunity to suppress serious arrhythmias and, 
possibly, to improve survival. 
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Interrelation of Electrolytes and 
Renin-Angiotensin System in 
Congestive Heart Failure 
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Many of the electrolyte derangements seen in 
chronic heart failure are related to activation of the 
renin-angiotensin system. Activation of the system 
may cause the retention of both sodium and water; 
the former is primarily related to the release of al- 
dosterone and the latter is related to an angioten- 
sin-mediated increase in thirst and decrease in the 
excretion of free water. The interaction of these 
mechanisms may explain why patients with chronic 
heart failure have higher values for total body sodi- 
um but lower values for serum sodium concentra- 
tion than hypertensive patients or normal subjects. 
Activation of the renin-angiotensin system may 
also cause potassium depletion, which is manifest 
clinically by a decrease in both total body potassi- 
um and serum potassium concentration. These 
electrolyte disturbances may play a role in the de- 
velopment of ventricular arrhythmias. The renin- 
angiotensin system may also contribute to the de- 
velopment of magnesium deficits. These hormone- 
electrolyte interactions have important implications 
in the treatment of patients with heart failure, es- 
pecially those in whom the renin-angiotensin sys- 
tem is pharmacologically inhibited. 
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malities in patients with chronic heart failure are 

hyponatremia, hypokalemia and hypomagnese- 
mia.! Several mechanisms interact to produce these elec- 
trolyte disturbances. The decrease in cardiac output leads 
directly to a reduction in renal blood flow, which limits 
the ability to excrete sodium and water.” The decline in 
cardiac performance also leads to the activation of neuro- 
endocrine mechanisms, which not only have effects on 
cardiovascular homeostasis but on electrolyte balance.? 
Many drugs used to treat heart failure, especially diuret- 
ics, exert important effects on the metabolism of sodium, 
potassium and magnesium, as well as on the stimulation 
of endogenous vasoconstrictor systems, especially the re- 
nin-angiotensin system.* Although it is not clear that all 
of these mechanisms are important at all stages of heart 
failure or precisely how these mechanisms interact to 
produce the electrolyte derangements seen in these pa- 


T» most frequently recognized electrolyte abnor- 


tients, these interrelations have important implications  " 


for the care of patients. It is the purpose of this report to 
review the principal electrolyte disturbances in heart fail- 
ure with particular reference to the role of the renin- 
angiotensin system. 


NEUROENDOCRINE ACTIVATION 
IN HEART FAILURE 

Four neuroendocrine mechanisms are thought to ex- 
ert important effects on electrolyte metabolism in heart 
failure (Fig. 1). Angiotensin II, norepinephrine and vaso- 
pressin are potent vasoconstrictors that also have the abil- 
ity to retain sodium and water; both the vascular and the 
metabolic effects of these hormones may be partially 
counterbalanced by the vasodilating and natriuretic ef- 
fects of atrial natriuretic peptide. Plasma levels of all 4 
neurohormones are generally increased in severely ill pa- 
tients treated with diuretics,?-? but such stimulation is not 
universal. 

Nearly 20 years ago (in 1970), when renin was first 
measured in patients with heart failure at our institution,’ 
values were noted to vary greatly. Renin levels were low 
or normal in most patients—about 50% of those treated 
with diuretics and nearly 7596 of those who had not re- 
ceived diuretic drugs. The response of renin to treatment 
was also quite variable, increasing dramatically in some, 
remaining within the normal range in others, and de- 
creasing in several patients whose clinical state improved. 
More recently (in 1987), when renin profiles in chronic 
heart failure at our institution were reassessed,'° the renin 
profile of these patients had changed. Low or normal 





levels of renin were now observed in only 35% of patients, 
and renin levels were markedly elevated in most sub- 
jects.'° It is noteworthy that these recently studied pa- 
tients were probably more severely ill, were treated with 
larger doses of furosemide and were more likely to have 
heart failure on the basis of left ventricular dysfunction 
than the patients who were evaluated at an earlier time. 


SODIUM AND THE RENIN- 
ANGIOTENSIN SYSTEM 

Serum sodium concentration: There is a close inverse 
relation between the concentration of renin and the con- 
centration of serum sodium in patients with chronic heart 
failure.!!-!? The mechanisms that underlie this observed 
association are complex. As the heart failure state pro- 
gresses and renal blood flow declines, blood urea nitrogen 
increases and renin is released.? According to Harris, 4.5 
the adequacy of the circulation is gauged by the arterial 
pressure, and renin is one of the most important mecha- 
nisms used to maintain systemic perfusion pressures. The 
reduction in renal blood flow, however, limits the ability 
of the kidney to excrete free water; moreover, the release 
of renin and the subsequent formation of angiotensin II 
stimulates thirst and the intake of free water.!6 The result 
of this interaction is the dilutional state known as hypona- 
tremia. In addition, angiotensin may stimulate the release 
of vasopressin from the pituitary!^!* and may markedly 
reduce renal medullary blood flow; the latter effect in 


. turn enhances the countercurrent exchange of urea, 


! which (by increasing inner medullary osmolarity) inhib- 
its water excretion.? All of these mechanisms may con- 
tribute to the decrease in serum sodium concentration. 

These proposed pathogenetic mechanisms may ex- 
plain a number of observed interrelations. There is a close 
relation between renin concentration and blood urea ni- 
trogen in both treated and untreated patients with heart 
failure? Furthermore, the serum sodium concentration 
correlates directly with the mean arterial pressure, which 
in turn is inversely related to the plasma renin concentra- 
tion.”:!° Finally, because hyponatremia is a sign of severe 
peripheral (renal) hypoperfusion, it serves as an excellent 
marker of severe heart failure and carries an extremely 
poor prognosis.'*:!3:!9 Although stable patients with less 
severe heart failure generally have serum sodium concen- 
tration within the normal range, their values for serum 
sodium are still lower than in age- and sex-matched con- 
trols and are still linearly and inversely correlated with 
the plasma renin concentration.!? 

Total body sodium: Total body sodium is increased in 
chronic heart failure as a consequence of the activation of 
a number of potent salt-retaining mechanisms. These 
mechanisms, however, act to retain both salt and water in 
equal proportions; thus, in most cases, total body sodium 
Is increased but the serum sodium concentration remains 
normal. There is no relation between serum sodium con- 
centration and total body sodium. 

The strongest clinical evidence for an increase in total 
body sodium in patients with chronic heart failure is the 
presence of edema. But we should ask: Is diuretic therapy 
that is sufficient to relieve edema sufficient to return the 
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FIGURE 1. Neuroendocrine mechanisms in heart failure. AVP 
— arginine vasopressin. 


values for total body sodium to normal? To address this 
question, we compared the values for total body sodium in 
40 patients with stable chronic heart failure (who were 
edema-free while taking diuretics) with 20 age- and sex- 
matched control patients with essential hypertension.!° 
Total body sodium was measured by in vivo neutron 
activation analysis.?™?? Despite the absence of edema, 
total body sodium (expressed as a percentage of predicted 
normal) was higher in patients with heart failure than in 
the hypertensive patients (in whom total body sodium 
was normal) (Fig. 2). 

When patients with heart failure were grouped ac- 
cording to their values for plasma renin concentration, 
serum sodium was significantly lower in patients with 
high renin levels (even though the mean value remained 
within the normal range) (Fig. 3). However, total body 
sodium was increased in both renin subgroups, and there 
was no significant difference between patients with low 
renin and patients with high renin (Fig. 4). 
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FIGURE 2. Total body sodium (Na*) and potassium (K*) in } = 
age- and sex-matched patients untreated essential hyper- 
tension (n = 20, open bars) and heart failure (n = 40, hatched 
bars). * = p <0.05. 
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Low and high renin heart failure 


Serum Na* Serum K* 





FIGURE 3. Concentrations of serum sodium (Na*) and potas- 
sium (K+) in patients with low-renin (open bars) and high-re- 
nin (hatched bars) heart failure. * = p «0.01; ** = p «0.001. 


POTASSIUM AND THE RENIN- 
ANGIOTENSIN SYSTEM 

Serum potassium concentration: A close inverse rela- 
tion exists between plasma renin and serum potassium 
concentration in a variety of pathophysiologic states.7?-?^ 
Not only may an elevation of renin cause the excretion of 
potassium by stimulating the synthesis of aldosterone, but 
high plasma concentrations of potassium can directly in- 
hibit the renin-angiotensin system. Because of these 
mechanisms, a close relation between renin and potassi- 
um would be expected in patients with chronic heart 
failure. In a series of 80 consecutive patients with heart 
failure, we noted a strong inverse relation between the 
plasma renin and serum potassium concentrations.'? Not 
surprisingly, in a larger study of 152 patients, an inverse 
relation was seen between serum sodium and serum po- 
tassium concentrations. Even in patients with milder 
degrees of heart failure, serum potassium concentrations 
(although within the normal range) were still significant- 
ly lower than those found in normal subjects or in untreat- 
ed hypertensive controls.!? 

Concerns about hypokalemia have largely centered 
around its association with arrhythmias.?/?? The failure 
to demonstrate a beneficial effect of thiazide diuretics on 
cardiovascular mortality has been attributed to the predi- 
lection of these drugs to cause hypokalemia and poten- 
tially lethal rhythm disturbances. These concerns are 
even more important in patients with chronic heart fail- 
ure, in whom ventricular arrhythmias are extremely com- 
mon and the risk of sudden death is very high. Important- 
ly, the frequency of these arrhythmias in patients with 
heart failure has been shown to be related to the serum 
potassium, ?26 and both the frequency of ventricular ar- 
rhythmia and the presence of hypokalemia are strong 
predictors of mortality.!?2631-54 
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FIGURE 4. Total body potassium (K*) and total body sodium 
(Na+) in patients with low-renin (open bars) and high-renin 
(hatched bars) heart failure. ** — p «0.01. 


Total body potassium: Both in hypertensive patients 
as well as in patients with heart failure, there is a continu- 
ing controversy concerning the relation between serum 
potassium concentration and total body potassium.??-?7 
Because almost all of the body content of potassium is 
intracellular and because many factors can shift potassi- 
um between the intra- and extracellular space, it is not 
surprising that many studies have observed little correla- 
tion between serum and total body potassium. In addi- 
tion, the total body potassium content varies with the lean 
body mass of the subject, which in turn varies considera- 
bly with the subjects’ muscle mass?*??; yet, persons who 
differ in body mass do not generally differ in their serum 
potassium concentrations. 

It has been argued that a modest reduction in serum 
potassium may not reflect an important depletion of total 
body potassium. This hypothesis may be valid in hyper- 
tensive patients, but in patients with heart failure there 
are theoretical reasons to believe that the finding of 
hypokalemia indicates significant potassium depletion.^? 
There are so many forces that are activated in patients 
with heart failure that promote the loss of potassium from 
the body, including the renin-angiotensin system and the 
use of diuretics. Moreover, the mechanisms governing the 
exchange of potassium across cell membranes may be 
impaired during heart failure, leading to a loss of potassi- 
um from cells and the ultimate enhancement of urinary 
potassium excretion. 

A close association exists between serum potassium 
concentrations and total body potassium in patients with 
chronic heart failure.'? Therefore, not only is there a 
strong correlation between the plasma renin and serum 
potassium, but also there is a similarly close relation 
between plasma renin and total body potassium. How- 
ever, the ability of a single measurement of serum potassi- 
um to predict total body potassium is not high. Hence, a 
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normal serum potassium concentration does not exclude 
a significant depletion of total body potassium. 

When patients with heart failure were grouped into 
high- and low-renin subgroups, patients in the high-renin 
group had significantly lower serum potassium concen- 
trations and total body potassium than those in the low- 
renin group (Fig. 3 and 4). This finding is particularly 
noteworthy owing to the fact that the high-renin sub- 
group was receiving potassium supplements more fre- 
quently and in higher doses than the low-renin subgroup. 


MAGNESIUM AND THE RENIN- 
ANGIOTENSIN SYSTEM 

There is a paucity of published data concerning the 
relation between magnesium and the activity of the renin- 
angiotensin system in chronic heart failure. Because mag- 
nesium depletion is a feature of diuretic therapy,*!42 
some relation (although not necessarily direct) is likely. A 
direct association, however, is suggested by the finding of 
hypomagnesemia in some patients with hyperaldosteron- 
ism due to Conn’s syndrome (Brown JJ, personal commu- 
nication). In addition, the dietary intake of magnesium 
may be deficient in some patients with heart failure, 
especially in areas of soft water; this latter factor may also 
play a role in the development of potassium depletion. 
Magnesium stores may be specifically reduced during 
heart failure due to alcoholic cardiomyopathy.*4 


_ CONCLUSIONS 


Based on the concepts outlined in this report, it is 
concluded that electrolyte derangements frequently oc- 
cur in patients with chronic heart failure, are frequently 
linked to activation of the renin-angiotensin system, and 
may contribute to the high morbidity and mortality in 
this disorder. Of all the electrolyte disturbances that oc- 
cur in these patients, the most potentially serious is hypo- 
kalemia. The finding of a low serum potassium, which 
usually reflects the depletion of total body potassium, 
may be an important pathogenetic factor in the develop- 
ment of lethal ventricular arrhythmias and requires inter- 
ventions to prevent its occurrence. 

In patients with mild heart failure who can be man- 
aged solely with diuretics, strict monitoring of serum 
potassium concentrations is mandatory. If hypokalemia 
is detected, the potassium deficit can usually be corrected 
by oral potassium chloride. Unfortunately, most of the 
currently available preparations are unpalatable and re- 
quire cumbersome dosing regimens, since most patients 
with heart failure require more than 20 mmol/day of 
potassium to correct or prevent hypokalemia. The intro- 
duction of large-dose slow-release formulations may 
make potassium supplementation easier, more acceptable 
and more effective. 

In patients with severe heart failure who require treat- 
ment with more than 1 diuretic or with a vasodilator 
drug, treatment with a potassium-sparing diuretic or con- 
verting-enzyme inhibitor may not only help to treat the 
“ symptoms of heart failure but may also prevent the devel- 
opment of hypokalemia. When these 2 drugs are used, 


however, potassium supplements should be administered 
with great caution, since therapy with oral potassium 
chloride may produce hyperkalemia in such patients. 
This concern is particularly great in patients who have 
impaired renal function.^5.46 
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Potassium and Ventricular Arrhythmias 


Philip J. Podrid, MD 


Potassium is a major determinant of the electro- 
physiologic properties of the myocardial mem- 
brane, and it plays an important role in the occur- 
rence of arrhythmia. Hypokalemia has been associ- 
ated with an increased frequency of ventricular 
premature complexes (VPCs) in some studies of hy- 
pertensive patients treated with diuretics, but other 
studies have failed to confirm any association. 
Studies involving patients with an acute myocardial 
infarction have also provided conflicting data about 
the association between hypokalemia and VPCs. 
Whereas the role of potassium in the genesis of 
simple VPCs remains uncertain, animal and clinical 
studies have demonstrated a strong relation be- 
tween hypokalemia and the occurrence of sustained 
ventricular tachycardia and ventricular fibrillation 
during acute ischemic states. 

Hypokalemia may also affect the action of anti- 
arrhythmic drugs by altering the electrophysiologic 
properties of the myocardium, potentially negating 
. some of the antiarrhythmic activity of these agents. 
| Although diuretic use is the most frequent cause 
of hypokalemia, epinephrine can also lower serum 
potassium as a result of stimulation of the 8; 
adrenoreceptor. This mechanism may, in part, ex- 
plain the ability of 8 blockers to prevent sudden 
death in patients with a recent myocardial infarc- 
tion. 

(Am J Cardiol 1990;65:33E-44E) 
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um plays an important role in cardiac function, 

especially in relation to the electrophysiologic prop- 
erties of the heart.! The relation between extra- and in- 
tracellular potassium levels is the major determinant of 
the resting membrane potential. Moreover, fluxes of po- 
tassium (which occur during the propagation of the ac- 
tion potential) modify the electrophysiologic properties of 
the membrane. Consequently, alterations in serum potas- 
sium concentration can have profound effects on impulse 
generation and conduction through the heart. This may 
explain why hypokalemia has been associated with the 
development of ventricular arrhythmia. 


F: many years it has been recognized that potassi- 


POTASSIUM AND THE ACTION POTENTIAL 

To understand the effect of changes in serum potassi- 
um concentration on the electrophysiologic properties of 
the myocardium, it is necessary to review the role of 
potassium in the generation of the action potential. 

The intracellular concentration of potassium is sub- 
stantially higher than the extracellular level. The resting 
transmembrane potential is primarily determined by the 
ratio of the intracellular and extracellular potassium con- 
centrations; in the resting state, it is —90 mV. In the 
presence of a low external serum potassium concentration 
(hypokalemia), the resting potential becomes more nega- 
tive,? and the membrane becomes hyperpolarized. Con- 
versely, in the presence of hyperkalemia, the resting 
membrane potential becomes less negative (or more posi- 
tive). Because the value of the resting potential is a deter- 
minant of the upstroke velocity of phase 0 of the action 
potential or the rate of depolarization, changes in serum 
potassium have important effects on depolarization 
(Table I). When the membrane potential is more nega- 
tive (hyperpolarized), as a result of hypokalemia, the 
resting potential is shifted away from the threshold poten- 
tial of —60 mV and the upstroke velocity of phase 0 is 
increased. When the resting membrane potential is 
less negative and thus closer to the threshold potential, 
the upstroke velocity of phase 0 of the action potential 
is slowed. The upstroke velocity of phase 0 is directly 
related to the velocity of impulse conduction through the 
myocardium. When the upstroke velocity is reduced, 
as occurs in hyperkalemia, conduction velocity is de- 
creased. 

Changes in the serum potassium concentration also 
have effects on other electrophysiologic properties (Table 
I). In the presence of hypokalemia, there is an increase in 
the rate of spontaneous diastolic depolarization or phase 4 
of the action potential. As a result, the membrane poten- 
tial reaches the threshold value more quickly, and there is 
an increase in membrane automaticity.' In contrast, 
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A SYMPOSIUM: HORMONE-ELECTROLYTE INTERACTIONS IN CONGESTIVE HEART FAILURE 


Resting membrane potential 
Upstroke velocity (dV /dt) phase O 
Action potential duration 
Refractory period 

Threshold potential 

Automaticity 

Conductivity —1 


t = increased; | = decreased. 


hyperkalemia slows phase 4 depolarization and reduces 
membrane automaticity. Additionally, hypokalemia in- 
creases the action potential duration and refractory peri- 
od, while hyperkalemia shortens these parameters. These 
changes in membrane electrophysiologic properties result 
in important effects on membrane automaticity, conduc- 
tivity and excitability, and thus influence the occurrence 
of arrhythmia. 
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POTASSIUM AND THE 
ELECTROCARDIOGRAM 

The effects of potassium on the electrophysiologic 
properties of the membrane are usually manifest by 
changes on the surface electrocardiogram.? The action 
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potential duration or time for repolarization determines 
the QT interval, whereas the QRS duration (the time for 
myocardial depolarization) is related to the upstroke ve- 
locity of phase 0 or the velocity of impulse conduction. In 
the presence of hypokalemia, there is lengthening of the 
QT interval, flattening of the T wave, and the develop- 
ment of a U wave indicating prolongation of repolariza- 
tion. When hyperkalemia is present, the QT interval 
shortens and the T waves become tall and peaked. The 
QRS may widen, indicating a slowing of intraventricular 
conduction, and intraventricular block may develop. The 
P wave generally decreases in amplitude and may disap- 
pear (sinus node arrest or atrial standstill). 

On the basis of these electrophysiologic effects, it can 
be predicted that hyperkalemia produces a reduction in 
impulse formation or automaticity of pacemaker tissue as 
well as a slowing or block of impulse conduction through- 
out all myocardial tissue (Fig. 1). Hypokalemia causes an 
increase in automaticity and membrane excitability and 
therefore arrhythmias (Fig. 2). This review focuses on 
ventricular arrhythmias and hypokalemia. 


RELATION BETWEEN HYPOKALEMIA 
AND VENTRICULAR ARRHYTHMIA 

Simple ventricular premature complexes: An associ- 
ation between arrhythmia and hypokalemia has been 
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tricular conduction delay and hyper- 
acute T waves are present. As the 
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FIGURE 2. Hypokalemia and the occurrence of ventricular arrhythmia. The patient had a cardiomyopathy and was receiving di- 
uretic therapy without potassium supplementation. He was admitted because of presyncopal episodes. On presentation, the se- 

rum potassium (K+) level was 3.0 mEg/iter and frequent long runs of ventricular tachycardia were documented. After repletion 
of K* (to 3.6 mEg/liter), only 3-beat runs of ventricular tachycardia occurred. At a serum K+ level of 4.4 mEg/liter ventricular 


ectopy was abolished. 


suggested by a number of investigators. Bellet et al^ ob- 
served that the frequent ectopic beats present in patients 
with hypokalemic alkalosis were abolished by potassium 
administration. Hypokalemia that develops during sur- 
gery? or with dialysis? also has been associated with ar- 
rhythmia. Surawicz and Lepeschkin’ reported a series of 
patients with a serum potassium concentration less than 
3.0 mEg/liter who had ventricular ectopy that was abol- 
ished with potassium repletion. 

Studies of patients with hypertension: An association 
between ventricular arrhythmia and hypokalemia also 
has been observed in trials that involve hypertensive pa- 
tients receiving therapy with diuretics (Table II). Holli- 
field and Slaton? reported on 38 patients with moderate 
diastolic hypertension who were treated with high doses 
of hydrochlorothiazide. The initial dose was 50 mg/day, 
which was increased every 4 weeks to 200 mg/day based 
on blood pressure control (diastolic <90 mm Hg). In this 
study the serum potassium progressively decreased from 
4.5 mEg/liter before therapy to 2.4 mEg/liter at a dose of 
200 mg/day. There was a progressive reduction in total 
body potassium from 4,107 to 3,269 mEq. The investiga- 
tors determined VPC frequency at rest and during exer- 
cise (Fig. 3). During both static and dynamic exercise 
testing, diuretic-induced hypokalemia was associated 
with a marked increase in VPC frequency. The number 
of VPCs increased from 0.6 to 2.6/min during static 
exercise and from 0.8 to 5.7/min during dynamic exer- 
cise. The frequency of VPCs was directly related to the 
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decrease in serum potassium concentration produced by 
diuretic therapy (p «0.001). 

In another study involving 35 patients with mild to 
moderate hypertension, Hollifield? administered a small- 
er dose of hydrochlorothiazide. The initial dose was 12.5 
mg/day, which was titrated upward every 4 weeks to a 


TABLE Il Association Between Hypokalemia and Ventricular 
Arrhythmia 


No. of 


Study Patient Population Pts. Association 


Hollifield & Slaton? 
Hollifield? 
Holland et al! 
MRFIT!2 
Papademetriou et al!3 
Lamme and Jounela!^ 
Madias et al!5 
Medical Research 
Council!® 


Hypertensive Yes 
Hypertensive Yes 
Hypertensive Yes 
Hypertensive i Yes 
Hypertensive No 
Hypertensive No 
Hypertensive No 
Hypertensive No after 8 
weeks 
Yes after 2 
years 


Dyckner et al!7 
Kafka et al!8 
Nordrehaug et al!? 
Solomon and Cole?? 
Nordrehaug?! 
Nordrehaug and 
Von der Lippe?? 


Myocardial infarction Yes 


Myocardial infarction 
Myocardial infarction 
Myocardial infarction 
Myocardial infarction 
Myocardial infarction 


Yes 
Yes 
No 
No 
No 





MRFIT = Multiple Risk Factor Intervention Trial. 
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FIGURE 3. Diuretic-induced hypokalemia and ventricular ectopic depolarizations (VED) in patients with hypertension. Before 
therapy (shaded areas), the patients had infrequent VEDs at rest and with static (hand grip) or dynamic (bicycle) exercise. Dur- 
ing therapy (nonshaded areas) with diuretics and with the development of hypokalemia, there is a small increase in VED fre- 
quency at rest. However, there is significant increase in VEDs during both static and dynamic exercise. (Reproduced with per- 


mission from Am J Med’). 


maximum of 50 mg/day. The total duration of therapy 
was 40 weeks. Thiazide therapy produced a reduction in 
the serum potassium concentration that was directly re- 
lated to the dose of diuretic administered. Because the 
doses of hydrochlorothiazide used were less than in the 
earlier study, the decrease in serum potassium was less 
marked (from 4.4 mEg/liter in control to 3.8 mEg/liter 
during therapy with hydrochlorothiazide, 50 mg/day). 
During the control state, static and dynamic exercise did 
not cause an increase in VPC frequency. In contrast, 
during diuretic therapy, 29 of 38 patients had a marked 
increase in VPC during static (1.8 vs 4.2 VPCs/min) and 
dynamic exercise testing (1.8 vs 6.2 VPCs/min). As be- 
fore, there was a significant correlation between the fre- 
quency of ventricular arrhythmia and both the serum 
potassium concentration (r = 0.54, p «0.02) as well as 
the change in the serum potassium induced by diuretic 
therapy (r = 0.73, p «0.001). 

Holland et al!? performed ambulatory electrocardio- 
graphic monitoring before and during diuretic therapy in 
21 patients with mild hypertension. In this study, 7 pa- 
tients had a marked increase in the frequency of VPCs 
and 3 patients had repetitive forms. Potassium supple- 
mentation suppressed these arrhythmias, and the VPC 
frequency returned to the baseline level. | 

The largest study reporting an association between 
serum potassium levels and VPCs is the Multiple Risk 
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Factor Intervention Trial which involved 12,866 men 
without symptomatic heart disease who were randomized 
to receive special intervention with intensive risk modifi- 
cation or usual care.!! The hypertensive patients in the 
special-intervention group were initially treated with a 
diuretic (hydrochlorothiazide or chlorthalidone). Sub- 
jects in this group who displayed abnormalities on the 
resting electrocardiogram recorded at baseline had a 
higher death rate from coronary artery disease than those 
in the usual-care group (who did not receive diuretics).! 
Among 1,403 hypertensive men taking diuretics, serum 
potassium was inversely related to VPC frequency (p = 
0.05). In this study a decrease in the serum potassium 
concentration of 1.0 mEg/liter was associated with a 28% 
increase in the number of VPCs. 

In contrast, other studies have failed to establish any 
association between VPCs and serum potassium. Papade- 
metriou and co-workers!? performed 24-hour ambulato- 
ry electrocardiographic monitoring in 16 patients with 
diuretic-induced hypokalemia. The average serum potas- 
sium level was 2.8 mEq/liter during therapy compared 
with 4.2 mEq/liter before the administration of diuretics. 
While hypokalemic, all patients had unifocal or multifo- 
cal VPCs and 7 patients had couplets. After potassium 
repletion sufficient to increase the serum potassium to 3.7 
mEg/liter, the frequency of ventricular arrhythmia was 
reduced in 5 patients but increased in 10 patients. There 


was no change in the mean number of hours during which 
VPCs were present. 

Another study that did not observe any relation be- 
tween VPCs and hypokalemia was reported by Lumme 
and Jounela.'* The study involved 24 hypertensive pa- 
tients who underwent 24-hour ambulatory monitoring 
performed before and after 4 weeks of therapy with pla- 
cebo or with 1 of 3 diuretics (hydrochlorothiazide, indac- 
rinone, or indacrinone plus amiloride). As expected, there 
was a significant reduction in the serum potassium in 
patients treated with hydrochlorothiazide (4.0 to 3.5 
mEgq/liter) or indacrinone (3.9 to 3.3 mEq/liter), but no 
change in patients receiving indacrinone plus amiloride, 
a potassium-sparing diuretic. An increase in VPC fre- 
quency during diuretic therapy occurred in only 4 pa- 
tients, each of whom had VPCSs during baseline evalua- 
tion. There was no correlation between serum potassium 
levels and the presence or frequency of ventricular ar- 
rhythmia. 

Last, Madias and co-workers!? studied 20 patients 
with hypertension who were free of heart disease. Thia- 
zide diuretic therapy was continued for 4 weeks during 
which time the serum potassium was reduced from 4.4 to 
3.0 mEg/liter. Sixteen patients had no VPCs in control, 
and none had arrhythmia during diuretic treatment. 
VPCs were present before therapy in 4 patients, but none 
demonstrated a change in the arrhythmia during the 4- 
week treatment period. | 

Because of these conflicting data, the relation between 
VPCs and serum potassium remains unclear. There are a 
number of reasons for the disparity in the results of these 
studies. The number of patients involved in each study is 
small. None of the studies accounted for the random 
variability of VPCs. There are day-to-day and hour-to- 
hour spontaneous changes in the presence, frequency and 
complexity of VPCs. This is especially true for subjects 
involved in these studies who had little or no heart disease 
and in whom VPC frequency was low. Finally, the dura- 
tion of diuretic therapy varied greatly among the studies. 
In the trials that did not document a relation between 
VPCs and serum potassium, the duration of therapy was 
generally brief, lasting only 4 weeks. In contrast, therapy 
was continued for 24 to 40 weeks in studies that observed 
an association between ventricular arrhythmia and hypo- 
kalemia. 

This last observation is supported by the results of the 
Medical Research Council hypertension study that in- 
volved 324 patients with mild hypertension, of whom 
287 underwent ambulatory electrocardiographic moni- 
toring.'® After 8 weeks of diuretic therapy, there was no 
difference in the prevalence of VPCs when compared 
with the control period. However, after 24 months of 
diuretic therapy, there was a significant increase in the 
prevalence of VPCs during the day and night (32 and 
20%, respectively) in patients receiving a thiazide diuretic 
when compared with those treated with a placebo (20 and 
9%, respectively). The presence of VPCs was related to 
the serum potassium concentration (p — 0.04) and, im- 
portantly, complex VPCs were more common in the thia- 
zide-treated group (33 vs 15%). 
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Studies of patients with an acute myocardial infarc- 
tion: An association between ventricular arrhythmia and 
hypokalemia has been observed in patients admitted to 
the hospital with an acute myocardial infarction (MI) 
(Table IT). Dyckner et al!’ evaluated 676 patients pre- 
senting with an acute MI who had a 12-lead electrocar- 
diographic recording and a blood sample for serum potas- 
sium obtained immediately on admission to the coronary 
care unit. Of this group, 217 patients (3296) were receiv- 
ing diuretic therapy; of these, 48 (22%) were hypokalemic 
(K+ <3.6 mEq/liter). In contrast, only 10 of 459 patients 
(2%) not receiving diuretic therapy were hypokalemic. 
The 58 patients who were hypokalemic, irrespective of 
diuretic use, had a higher incidence of VPCs than pa- 
tients who were normokalemic (p <0.01). 

Kafka et al! studied 590 patients admitted to the 
coronary care unit, of whom 211 had an acute MI and 
379 patients had other cardiac diagnoses including unsta- 
ble angina, arrhythmia or congestive heart failure. Hypo- 
kalemia (K* «3.5 mEg/liter) was present in 99 patients 
and was not related to the presence of an acute MI, but 
was associated with diuretic use. For the group as a 
whole, the mean serum potassium concentration was sim- 
ilar (3.9 mEg/liter) in those with and without VPCs. 
When the analysis was restricted to patients with an 
acute MI, however, the serum potassium was significant- 
ly lower in patients who had ventricular arrhythmia (3.8 
vs 4.0 mEg/liter, p <0.03) than in those without VPCs. 
In a smaller study involving 60 patients with an acute 
infarction, Nordrehaug et al!? reported that the serum 
potassium concentration was inversely related to the fre- 
quency of all forms of VPCs. 

In contrast to these reports, there have been several 
studies that have failed to document any association be- 
tween VPCs and serum potassium in patients with an 
acute MI. Solomon and Cole?? reviewed the records of 
151 patients admitted to the coronary care unit with an 
acute MI. At the time of admission, hypokalemia was 
present in 21 patients (14%), 56% of whom had VPCs. In 
contrast, 35% of normokalemic patients had VPCs (dif- 
ference not significant). In another retrospective review, 
Nordrehaug?! evaluated 1,035 patients with an acute MI 
who were admitted to 5 hospitals. VPCs were present in 
11.3% of the 117 hypokalemic patients and in 36% of the 
918 patients with a normal serum potassium—a nonsig- 
nificant difference. In a multicenter study involving ther- 
apy with timolol, Nordrehaug and Von der Lippe”? ana- 
lyzed the records of 1,074 patients admitted with an acute 
MI. No patient received antiarrhythmic drugs or potassi- 
um supplements. There was no association between the 
initial serum potassium concentration and the occurrence 
of ventricular arrhythmias; VPCs were observed in 43% 
of the 122 hypokalemic patients and in 36% of the 952 
patients who had a normal serum potassium. As with 
previous studies, there was a close relation between the 
presence of hypokalemia and diuretic use before entering 
the study. 

In a retrospective study, Boyd et al?’ reviewed the 
records of 103 patients admitted to the coronary care unit 
with a variety of diagnoses. Hypokalemia was present in 
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TABLE Ill Association Between Hypokalemia and Ventricular 
Tachycardia or Ventricular Fibrillation 


No. of 


Study Pts. Association 


Harris et al?4 
Grumbach et al?5 
Obeid et al39 
Hulting3? 
Nordrehaug et al!? 
Nordrehaug?! 
Nordrehaug and 
Von der Lippe?? 
Dyckner et al!” 
Johansson and 
Dziamski?3 


Dogs 

Rabbits 

Dogs 

Myocardial infarction 
Myocardial infarction 
Myocardial infarction 
Myocardial infarction 


Myocardial infarction 
Myocardial infarction 


18%, and as in other studies, this electrolyte disturbance 
was associated with diuretic use, but it did not predict the 
occurrence of ventricular arrhythmias. Of the 19 patients 
with serum potassium levels «3.5 mEg/liter, 13 had 
VPCs (68%). In contrast, serum potassium was 23.5 
mEq/liter in 84 patients, of whom 43 (51%) had VPCs. 
Ventricular arrhythmias were primarily seen in patients 
with an acute MI (p «0.007) and were not related to 
diuretic usage or the initial serum potassium concentra- 
tion. 

As in studies of hypertensive patients, the association 
between hypokalemia and ventricular arrhythmia in pa- 
tients with an acute MI remains uncertain. This may be 
related to the fact that VPCs occur frequently in patients 
with acute ischemia and are highly variable. In addition, 
in most of these studies, VPCs were detected using occa- 
sional electrocardiographic printouts during continuous 
in-house monitoring. Such techniques are notoriously in- 
accurate for identifying and quantifying arrhythmia. 
Ambulatory monitoring, which is more accurate and 
preferable, was not used in any of these studies. Last, 
these studies reported only prevalence of ventricular ar- 
rhythmia rather than its frequency; the latter may have a 
better relationship to hypokalemia. 

Sustained ventricular tachycardia and ventricular fi- 
brillation: Although the relation between hypokalemia 
and VPCs remains uncertain, several animal and clinical 
studies have observed an association between hypokale- 
mia and the occurrence of a serious sustained ventricular 
tachyarrhythmia, especially in patients with an acute MI 
(Table IIT). 

Many years ago, Harris et al^ observed that during 
coronary artery occlusion in the dog there was a signifi- 
cant loss of potassium from the ischemic myocardium. 
They proposed that this loss was the cause of the frequent 
episodes of ventricular tachycardia (VT) that were seen 
in this model. 

In 1954, Grumbach et al? reported that they could 
produce spontaneous ventricular fibrillation (VF) in iso- 
lated rabbit hearts perfused with a potassium-deficient 
solution. It was subsequently established that perfusion 
with potassium-deficient solutions results in the loss of 
myocardial potassium.?6 During electrical stimulation of 
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the rabbit heart, VF may occur when there is a critical 
loss of myocardial potassium.’ 

Further evidence for the important association be- 
tween potassium and VF comes from studies involving 
the administration of glucose, insulin and potassium 
(GIK). This solution, administered to experimental ani- 
mals or to patients with an acute MI, prevented ventricu- 
lar arrhythmia.”*? In an attempt to clarify the mecha- 
nism of effect, Obeid et al?? evaluated the influence of 
GIK on the VF threshold or the canine heart. A 1-hour 
infusion of GIK resulted in an increase in VF threshold 
from 45 to 55 ma (p <0.01), whereas an infusion of 
glucose alone was without effect. When glucose and insu- 
lin were infused without potassium, there was an insignif- 
icant increase in VF threshold (from 35 to 41 ma), but the 
serum potassium decreased. However, when potassium 
was infused after glucose and insulin were given, there 
was a further increase in VF threshold by 25 to 60%. In 
another series of experiments in dogs that were made 
hypokalemic (serum potassium = 1.9 mEq/liter) by he- 
modialysis, the VF threshold was reduced from 40 to 27 
ma (p <0.005), and frequent episodes of couplets and 
runs of VT were observed. The VF threshold was restored 
to normal when potassium was repleted and the serum 
level returned to normal. In addition, the investigators 
observed that after potassium supplementation, induced 
nonsustained ventricular arrhythmias spontaneously re- 
verted to sinus rhythm and did not degenerate into sus- 
tained VF. 





A substantial loss of myocardial potassium occurs *- 


during an episode of VT, which may contribute to the 
degeneration of VT into treatment-resistant VF. Lang et 
al?! induced VT in dogs with use of aconotine and mea- 
sured the level of potassium in the coronary sinus blood. 
Within 1 minute after the initiation of VT, there was an 
abrupt and steep increase in the concentration of potassi- 
um in the coronary sinus; in contrast, aortic potassium 
levels did not change. In 11 of 18 dogs, intractable VF 
occurred within 7 minutes of VT initiation. The investiga- 
tors hypothesized that the efflux of potassium from the 
myocardium might result in perpetuation of the VT de- 
spite therapy and could lead to refractory VF. 

These observations in animals have been supported by 
clinical studies involving patients with an acute MI. 


Hulting?? reviewed his experience in 1,315 patients ká 


admitted to the coronary care unit. Overall, in-hospital 
episodes of VF occurred in 46 patients (3.5%), and there 
was a close relation between the presence of hypokalemia 
and the incidence of VF within the first 12 hours after 
admission. The incidence of VF was 8% in patients with a 
serum potassium concentration less than 3.5 mEq/liter, 
4% in those with a serum potassium between 3.5 and 3.8 
mEg/liter, 2% in patients with a serum potassium be- 
tween 3.9 and 4.2 mEg/liter, and 1% when the serum 
potassium was between 4.3 and 4.6 mEg/liter. VF was 
not seen in patients with an initial serum potassium more 
than 4.6 mEg/liter. Hulting concluded that a serum po- 
tassium less than 3.9 mEg/liter was associated with a 
fivefold increase in the risk of VT (p «0.05). A similar 
relation was observed by Solomon and Cole,? who re- 


m <a 





FIGURE 4. Relation between serum 
potassium concentration and the 
probability of ventricular tachycar- 
dia in patients with an acute myo- 
cardial infarction. Broken lines rep- 
resent standard deviation. (Reprint- 
ed with permission from 
Circulation!?). 
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“wv ported that in patients after MI, the incidence of VT or 


VF was approximately 25, 15, 9, 4 and 5% when serum 
potassium was «3.0, 3.1 to 3.5, 3.6 to 4.0, 4.1 to 4.5 and 
24.6 mEq/liter, respectively. VT or VF occurred in 48% 
of patients with an initial serum potassium less than 3.5 
mEg/liter but in only 21% of patients with a serum potas- 
sium 23.5 mEg/liter. In a small series of 60 patients, 
Nordrehaug et al!? reported that the probability of VT 
occurring in patients after MI was 0.10 to 0.22 when the 
serum potassium was normal (24.0 mEg/liter), 0.40 
when the level was 3.5 mEg/liter, and 0.68 when serum 
potassium was «2.5 mEg/liter (Fig. 4). 

In the Nordrehaug study?! previously discussed, 34 of 
117 hypokalemic patients (29%) had VT or VF compared 
with 1796 of patients who had a normal serum potassium 
(p <0.01). When the analysis was confined to patients 
who had VF, the relation to hypokalemia was still signifi- 
cant. Overall, the incidence of VF was 1696 in those who 
were hypokalemic (K* «3.5 mEg/liter) but only 7% in 
those who were normokalemic (p «0.01). The incidence 
of VF was 25% in the subset of those with a serum 
potassium «3.0 mEg/liter, compared with 5% in those 
with a serum potassium between 4.1 and 4.5 mEg/liter. 
In a subsequent study, Nordrehaug and Von der Lippe? 
reviewed the records of 1,074 patients with an acute MI 
admitted to the coronary care unit and enrolled into the 
Norwegian timolol study. Overall, VF occurred in 17.2% 
of hypokalemic patients but in only 7.5% of those with a 
normal serum potassium. In the subset of patients with a 
serum potassium less than 3.0 mEq/liter, the incidence of 
VF was 3396. The timing of VF was also associated with 
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the initial serum potassium concentration. In hypokale- 
mic patients with VF, 76% had this arrhythmia within 2 
hours of admission, whereas only 39% of the normokale- 
mic patients with VF experienced it during this time 
period. In contrast, 10% of the VF episodes in hypokale- 
mic patients occurred more than 12 hours after admis- 
sion, whereas 42% of the normokalemic patients with VF 
experienced this arrhythmia during this time period. 
In review of 676 patients with an acute MI, Dyckner 
et al!" also reported a strong association between VF and 
hypokalemia (p = 0.01). In a study of 5,877 patients with 
an acute MI, Johanssen and Dziamski?? observed that the 
incidence of VF was increased 2- to 2.5-fold when hypo- 
kalemia was present (Fig. 5). In this study, as well as in 
the other reports previously cited, there was a close rela- 
tion between hypokalemia and prior diuretic use, but the 
occurrence of VF was associated with the presence of 
hypokalemia, independent of diuretic therapy. 
Although studies in patients with an acute MI indi- 
cate a relation between hypokalemia and serious ventric- 
ular tachyarrhythmias, it remains unclear whether hypo- 
kalemia is associated with out-of-hospital sudden cardiac 
death in the absence of an acute MI. In the study of 
Hulting,>? the incidence of VF before admission was sig- 
nificantly increased among patients with hypokalemia 
documented at the time of admission (p = 0.05). Addi- 
tionally, many patients resuscitated from out-of-hospital 
sudden death due to VF (in the absence of an MI) present 
with hypokalemia. In a report by Thompson and Cobb,’ 
49% of 115 patients resuscitated from out-of-hospital 
sudden cardiac death were hypokalemic at the time of 
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FIGURE 5. Relative frequency of sustained ventricular tachy- 
cardia or ventricular fibrillation in patients with an acute myo- 
cardial infarction and its relation to serum potassium (K+). 
Open bars represents patients with normal serum K+ (23.6 
mEg/liter) and is set at 1. There is a significant increase in ar- 
rhythmia when the serum K+ is less than 3.6 mEgq/liter (shad- 
ed bar). This increase is seen whether or not patients are 
treated with diuretics. (Reprinted with permission from Jo- 
hanssorr??). 
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admission. This is similar to the report of Salerno et al,*> 
who observed hypokalemia in 41% of 138 sudden death 
survivors. In addition, patients with a history of torsades 
de pointes, another type of malignant ventricular tachy- 
arrhythmia, are often hypokalemic. In a review of tor- 
sades de points secondary to quinidine, 14 of 20 patients 
had a serum potassium level <4.0 mEq/liter.*° 
Despite the frequent finding of a low serum potassium 
concentration in patients resuscitated with out-of-hospi- 
tal sudden death, it is unclear whether hypokalemia pre- 
ceded and caused the episode or occurred as a result of the 
VF and subsequent resuscitation. This issue was recently 
addressed by Salerno et al,?" who measured serum elec- 
trolytes before and sequentially for 3 hours after animals 
were resuscitated from VF (Fig. 6). The 13 dogs resusci- 
tated without the use of epinephrine were compared with 
10 control dogs in whom VF was not induced (not 
shown). In the control animals, there was no significant 
change in serum potassium (3.6 vs 3.4 mEg/liter, p — 
0.08). In contrast, the dogs who had VF and were resusci- 
tated had an initial increase in potassium at 5 minutes 
but, thereafter, demonstrated a reduction in serum potas- 
sium from 3.7 to 3.2 mEg/liter (p = 0.00001) at 45 
minutes. The serum potassium returned to baseline by 3 
hours. The change in serum potassium after resuscitation 
was independent of the duration of VF, arterial pH or the 
administration of bicarbonate. A serum potassium «3.0 
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FIGURE 6. Mean serum potassium (K+) concentrations in dogs resuscitated from ventricular fibrillation. Epinephrine was used 
in seven dogs (triangles), while 13 dogs did not receive epinephrine (squares). Within 5 minutes of resuscitation there is a 


marked increase in serum K+, 


when epinephrine is administered. Shortly thereafter, serum K* decreases to a hypoka- 


especially 
lemic level in both groups, and 11/2 hours later concentration has returned to normal. (Reprinted with permission from 


JACC.?7) 
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mEq/liter was observed at some point within 3 hours of 
resuscitation in 30% of the dogs. In a group of animals 
who had VF and received epinephrine, there was an im- 
mediate increase in potassium from 3.8 to 5.0 mEq/liter 
at 5 to 15 minutes but a reduction to 3.1 mEq/liter (p 
<0.01) after 45 to 60 minutes. 

Clinical data supporting these observations are lack- 
ing since values for serum potassium concentration are 
generally not available in patients before an episode of 
sudden cardiac death. However, Isner and Harten?’ re- 
ported 1 case in which the serum potassium level was 
available before VF. In this patient, who had chronic 
renal failure, the serum potassium was 7.2 mEq just 
before VF and 6.2 and 5.7 mEq/liter after resuscitation. 

The mechanism for postresuscitation hypokalemia is 
not completely established. However, Salerno et al?’ pro- 
posed that it is related to the 2-adrenergic effect of 
epinephrine, which produces low serum potassium con- 
centration by enhancing the entry of extracellular potas- 
sium into cells.?? ! 


RELATION BETWEEN LOW SERUM 
POTASSIUM AND THE ACTION 
OF ANTIARRHYTHMIC DRUGS 

In addition to the important relation between hypoka- 
lemia and serious sustained ventricular arrhythmia, a low 
serum potassium concentration may alter the therapeutic 
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activity of the antiarrhythmic drugs. Such an interaction 
can be anticipated based on the known electrophysiologic 
effects of membrane active agents. These drugs inhibit 
the rapid influx of sodium currents and thereby slow the 
upstroke velocity of phase 0 of the action potential. ^94! 
Since the upstroke velocity of phase 0 is a determinant of 
the velocity of impulse conduction, this results in a slow- 
ing of impulse conduction through the myocardium and 
an increase in conduction time. Additionally, these agents 
prolong phase 3 of the action potential or final repolariza- 
tion (which defines the refractory period). The prolonga- 
tion of the refractory period results in a reduction in 
membrane excitability. Last, these agents reduce the 
slope of phase 4 spontaneous depolarization, thereby re- 
ducing membrane automaticity. As previously discussed, 
in the presence of hypokalemia, the resting membrane 
potential becomes more negative or hyperpolarized. This 
may cause an increase in upstroke velocity of phase 0 and 
an increase in impulse conduction velocity; this effect can 
reverse the depressant action of the antiarrhythmic drugs. 
Moreover, hypokalemia increases the slope of phase 4 
spontaneous depolarization, thereby enhancing mem- 
brane automaticity. Hypokalemia may also prolong repo- 
larization and decrease excitability. These actions may 
potentiate either the toxic or beneficial effects of antiar- 
rhythmic drug therapy. 

Based on these concepts, it seems reasonable to pre- 
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—* FIGURE 7. Relation between serum potassium, antiarrhythmic drugs, and maximal rate of depolarization (MRD) or upstroke ve- 
locity of phase 0. In the presence of normokalemia, lidocaine and diphenylhydantoin (DPH) produce a dose-related reduction in 
MRD in both atrial and ventricular tissue. In the presence of hypokalemia (K+ = 3.0 mEg/liter) there is little change in MRD in 
the presence of therapeutic drug levels. MRD is reduced only when the drug concentration is increased above the therapeutic 
level. (Reprinted with permission from Circ Res.*2) 
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dict that antiarrhythmic drug action might be partially or 
completely negated in the presence of hypokalemia. In a 
study by Singh and Vaughan Williams,” rabbit hearts 
were perfused with lidocaine or phenytoin, and the effect 
of changing the external potassium concentration on the 
activity of these drugs was examined (Fig. 7). In the 
presence of a normal serum potassium level, lidocaine 
reduced the rate of rise of phase 0 upstroke or depolariza- 
tion. When the external potassium was low, however, 
lidocaine did not alter action potential upstroke velocity 
and was less effective in reducing the slope of phase 4 
spontaneous depolarization. Similar results were ob- 
served when phenytoin was administered. Watanabe et 
al* evaluated the relation between the electrophysiologic 
effects of potassium and antiarrhythmic drugs in isolated 
rabbit hearts. As expected, quinidine significantly re- 
duced the heart rate and the maximal rate of phase 0 
depolarization from 96 to 30 v/s. When the concentration 
of potassium in the perfusate was reduced from 5.6 to 0.8 
mEg/liter, there was significant (83%) increase toward 
normal in the maximal rate of depolarization, from 30 to 
54 v/s. A similar effect has been observed with other 
antiarrhythmic drugs including lidocaine and disopyra- 
mide.^ Thus, hypokalemia may negate the depressive 
effect of membrane active antiarrhythmic drugs on the 
electrophysiologic properties of the myocardium. 
Whereas hypokalemia may neutralize the electro- 
physiologic and antiarrhythmic actions of antiarrhythmic 
drugs, hyperkalemia would be expected to have the oppo- 
site effect; i.e., hyperkalemia should potentiate the de- 
pressive effect of these agents. In the study of Watanabe 
et al, the use of a hyperkalemic perfusate in a heart 
treated with quinidine resulted in a further reduction of 
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FIGURE 8. Effect of epinephrine in- 
fusion on serum potassium (K*) lev- 
els. Epinephrine (0.05 ug/kg/min) 
was infused for 1 hour (horizontal 


cant reduction in plasma potassium. 
This decrease was prevented by 
therapy with a 82-selective blocker 
(ICI 118551) in a 

manner. ** p «0.01 * p «0.05. 
(Reprinted with permission from N 
Engl J Med.^45) 
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the velocity of phase 0 depolarization and a reduction in 
the height of the action potential. As the potassium con- 





centration was increased, the tissue became nonexcitable ™ 


and ventricular standstill occurred. Therefore, hyperkale- 
mia may potentiate the depressant effects on action po- 
tential generation and impulse conduction produced by 
the antiarrhythmic drugs and can result in serious con- 
duction problems. 


RELATION BETWEEN SERUM POTASSIUM 
CATECHOLAMINES AND BETA BLOCKERS 
Although the use of diuretics is probably the most 
frequent cause of hypokalemia, it has also been recog- 
nized that elevated circulating levels of epinephrine can 
reduce serum potassium.?? This may explain the occur- 
rence of hypokalemia in patients with an acute MI who 
were not receiving diuretic therapy. In a study by Brown 


et al,* healthy subjects were infused with epinephrine’ w ` 


and isoproterenol. Epinephrine, but not isoproterenol, re- 
sulted in a marked reduction in the serum potassium level 
from 4.0 to 3.2 mEg/liter. The epinephrine-induced hy- 
pokalemia was prevented by the administration of a 82- 
adrenergic blocker (Fig. 8). In this study, the investiga- 
tors found that epinephrine did not cause a change in the 
secretion of renin or aldosterone or the release of insulin 
and, therefore, epinephrine-induced hypokalemia was 
not related to stimulation of these hormonal systems. 
They proposed that the mechanism of epinephrine-in- 
duced hypokalemia was ;-receptor stimulation. 
Clinically, the high levels of circulating epinephrine 
(that are seen in patients with an acute infarction) 
can cause hypokalemia, which can be prevented by 6 
blockers. In a report of Nordrehaug et al^ involving 106 


^ 
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patients with an acute MI, 54 patients received treatment 
with timolol and 52 received placebo. The incidence of 
hypokalemia was significantly less in the group receiving 
timolol than in those treated with placebo (13 vs 29%). 
Moreover, patients receiving timolol had a significantly 
higher serum potassium concentration during the first 24 
hours after their infarction. Johanssen and Dziamski?? 
reviewed their experience with 5,877 patients admitted 
with an acute MI. They reported that the use of nonselec- 
tive 8 blockers in hypokalemic patients was associated 
with a reduction in the incidence of malignant, sustained 
ventricular tachyarrhythmias. In contrast, the incidence 
of malignant arrhythmia in post-MI patients receiving 
selective 8 blockers was equivalent to that which occurred 
in those not receiving any 8 blockade. The investigators 
suggested that the beneficial effect of nonselective 6 
blockade was in part related to the blockade of 8» recep- 
tors, preventing epinephrine-induced hypokalemia. Un- 
doubtedly, other mechanisms also contribute to this bene- 
ficial effect of 8 blockade on the incidence of VF. 

In a review of the Beta Blocker Heart Attack Trial, 
Furburg et al*’ reported that more patients receiving 
placebo had a serum potassium less than 3.5 mEq/liter 
than patients receiving propranolol. Patients receiving 
propranolol who had an increase in serum potassium 
greater than 0.3 mEg/liter had a 4.8% mortality at 6 
weeks, compared with a 6.7% mortality in patients receiv- 
ing propranolol who had a decrease in serum potassium 
by 0.3 mEg/liter. In contrast, no such trend of reduced 


mortality was seen in patients receiving placebo. 


The effect of epinephrine on serum potassium may be 
potentiated by diuretic therapy. In the report of Struthers 
et al,? normal volunteers received therapy with a thiazide 
diuretic for 1 week, at which time the serum potassium 
decreased to 3.4 mEg/liter. An intravenous infusion of 
epinephrine resulted in a further reduction in the serum 
potassium to 2.7 mEq/liter. These investigators conclud- 
ed that both diuretics and epinephrine can independently 
contribute to the development of hypokalemia, and these 
2 factors can act in an additive manner to decrease the 
serum potassium concentration. 


CONCLUSION 

Changes in serum potassium levels can have signifi- 
cant effects on the electrical properties of the myocardi- 
um. Whereas hyperkalemia produces conduction abnor- 
malities and renders the membrane less excitable to nor- 
mal or abnormal stimuli, hypokalemia increases the 
automaticity and excitability of the membrane and can 
provoke ventricular arrhythmias. Although the relation 
between VPCs and hypokalemia is still unclear, there is 
substantial evidence that hypokalemia, resulting from di- 
uretic use or an elevation in circulating catecholamines, 
or both, can be a potent trigger for sustained VT or VF, 
especially in the setting of acute myocardial ischemia. 
The role of hypokalemia in provoking VF or sudden car- 
diac death in the absence of an acute MI, however, re- 
mains uncertain. In patients with a history of serious 
arrhythmias receiving antiarrhythmic drugs, hypokale- 
mia may reverse the beneficial effects of these agents and 
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render the patient vulnerable to arrhythmia recurrence. 
It is important, therefore, that hypokalemia (defined as 
K* «4.0 mEg/liter) be prevented and corrected, espe- 
cially in patients with heart disease who are at risk for 
serious ventricular tachyarrhythmias. The amount of po- 
tassium supplementation necessary depends on use of 
diuretics and digoxin, as well as hepatic and renal func- 
tion, and must be individualized for each patient. 
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Potential Role of Potassium as a Determinant 
of Morbidity and Mortality in Patients 
with Systemic Hypertension and 
Congestive Heart Failure 


Milton Packer, MD 


Prehistoric animals and humans consumed a diet 


low in sodium but high in potassium, and thus, evo- 
lutionary forces fostered the development of physi- 
ologic systems that conserved sodium and excreted 
potassium. With the advent of civilized societies, 
food cooking and processing have greatly increased 
the sodium but decreased the potassium content of 
the diet. However, there has been little time for 
physiologic systems to adapt. The resulting excess 
of sodium has been implicated as an important fac- 
tor in the development of hypertension and conges- 
tive heart failure. This traditional focus on sodium 
has ignored the potential role that an inadequate 
dietary intake of potassium might play in the de- 
generative diseases of the heart, brain and kidney. 
Yet dietary potassium may be as powerful a de- 


^* terminant of cardiovascular morbidity and mortality 


as dietary sodium. In experimental and clinical hy- 
pertension, an increased intake of potassium (with- 
out a change in dietary sodium) can reduce blood 
pressure, may suppress the activity of the sympa- 
thetic nervous and renin-angiotensin systems, and 
can prevent the development of vascular injury; 
conversely, potassium depletion has been associ- 
ated with an increase in stroke and sudden death. 
In patients with chronic heart failure, potassium 
can modify both the mechanical and electrical prop- 
erties of the heart, it can exert diuretic effects, and 
it can reduce the frequency and complexity of po- 
tentially lethal ventricular tachyarrhythmias. 

. Given this central role, the effects of many phar- 
macologic interventions on the morbidity and mor- 
tality of patients with hypertension or chronic heart 
failure can be enhanced or diminished by the effect 
that these treatments might have on potassium ho- 
meostasis. Such inventions may include converting- 
enzyme inhibitors, 8 blockers, calcium channel 
blockers and positive inotropic agents. These ob- 
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servations indicate that the maintenance of potassi- 


um balance should be an important goal in the 
management of both cardiovascular disorders. 
(Am J Cardiol 1990;65:45E-51E) 


served the importance of dietary sodium in the 

development of a variety of cardiovascular dis- 
eases. In the early 19th and 20th centuries, Karrell! and 
Chrestian? identified sodium as a major factor in patients 
with congestive heart failure and were the first to recom- 
mend salt and fluid restriction as a therapeutic measure. 
In 1904, Ambard and Beaujard? proposed that sodium 
also played a role in the development of systemic hyper- 
tension and noted that blood pressure in their patients 
decreased when dietary salt was restricted and increased 
when salt was permitted. A causal relation between sodi- 
um intake and the development of hypertension was first 
conclusively demonstrated in animals by Grollman et alf 
in 1940 and in humans by Dahl and Love? in 1954. It is 
largely based on these observations that diuretic therapy 
has been the principal approach to the management of 
both hypertension and heart failure for more than 30 
years, and that the reduction of dietary sodium has been 
widely advocated as a general health measure. The sus- 
ceptibility of modern man to cardiovascular disease has 
been traced to the high content of sodium in the diet of 
civilized societies. Archeologic evidence suggests that 
prehistoric animals and humans consumed a diet low in 
sodium (less than 10 mEq/day) but high in potassium 
(more than 200 mEq/day),9" similar to the content of 
food that tribal hunter-gatherers consume in this era.* In 
response to these dietary habits, evolutionary forces (act- 
ing over millions of years) fostered the development of 
physiologic systems (primarily renal) that conserved so- 
dium and excreted potassium. With the advent of an 
urbanized population, however, most food is cooked or 
preserved; such processing greatly increases the sodium 
but decreases the potassium content.? Unfortunately, 
these dietary changes have occurred over the past 2,000 
to 10,000 years (brief, by evolutionary standards), and 
thus, there has been little time for the physiologic systems 
that promote sodium retention and potassium excretion 
to adapt. As a result, modern man is at risk of sodium 
overload and potassium depletion. 


I) uring the last 150 years, medical practice has ob- 
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With the recognition that dietary habits may contrib- 
ute to the development of cardiovascular disease, many 
investigators have focused on excess dietary sodium as an 
important pathogenetic factor. Such a focus, however, 
has largely ignored the potential role that an inadequate 
dietary intake of potassium might play in degenerative 
disease of the heart, brain and kidney. Such neglect is a 
relatively recent phenomenon. The therapeutic impor- 
tance of dietary potassium in cardiovascular medicine 
was first recognized by Addison! in 1928 and was re- 
peatedly stressed in the 1930s and 1940s,!'!:!? but these 
early observations have received little recent attention. 
Instead, in the 1970s and 1980s, medical practice has 
largely abandoned dietary salt restriction and has em- 
braced diuretic therapy as the major means of reducing 
total body sodium. Diuretic drugs, however, cause further 
potassium depletion, whereas low-sodium diets are gener- 
ally rich in potassium.!?!^ Is this difference clinically 
relevant in the patient with hypertension or heart failure? 


POTASSIUM AND CARDIOVASCULAR 
MORBIDITY AND MORTALITY 
IN HYPERTENSION 

Several lines of evidence suggest that dietary potassi- 
um plays an important role in modifying the risk and the 
sequelae of cardiovascular disease in hypertensive sub- 
jects. l 

Experimental evidence: In the 1950s, Meneely et 
al!516 showed that high levels of dietary sodium in the 
Sprague-Dawley rat produced severe hypertension, vas- 
cular damage in the heart and kidneys, and reduced sur- 
vival; these noxious effects occurred in proportion to the 
level of salt intake. Survival in this model was prolonged 
without a change in sodium intake, however, when potas- 
sium was added to the diet. Similar observations were 
made in the 1980s by Tobian and co-workers!^!? in 
stroke-prone spontaneous hypertensive and Dahl salt- 
sensitive rats. Dietary potassium supplementation pre- 
vented the development of renal vascular lesions and the 
destruction of glomeruli and renal tubules, reduced the 
rate of cerebral hemorrhage and prolonged life. 

What factors can account for the protective effects of 
potassium supplementation in these hypertensive ani- 
mals? At first glance, it may appear that potassium might 
have reduced mortality because it exerts a variety of 
effects that can interact to reduce blood pressure.!? Potas- 
sium may modify the neural regulation of blood pressure 
by enhancing the reuptake of norepinephrine by sympa- 
thetic nerve terminals, by reducing urinary catechol- 
amine excretion, and by attenuating the pressor re- 
sponses to intravenous norepinephrine? and intraventric- 
ular angiotensin II.?? In addition, potassium may possess 
important natriuretic effects, possibly by inhibiting the 
proximal tubular reabsorption of sodium.?^76 Potassium 
may interfere with the activity of the renin-angiotensin 
system, both by suppressing renin secretion rates?^ and by 
decreasing vascular responsiveness to angiotensin II.24^?? 
Finally, potassium may act directly as a vasodilator by 
affecting the tone of arteriolar smooth muscle.”® 

However, a reduction in blood pressure cannot explain 
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the benefits of dietary potassium seen by Meneely and 
Tobian and co-workers.!?-!* Although potassium-treated 
animals had some reduction in blood pressure, the magni- 
tude of this antihypertensive effect was modest and could 
not account for the dramatic reduction of vascular injury 
and mortality. In fact, in rabbits with renal hypertension, 
potassium supplementation prevented the development of 
petechial hemorrhages, even though potassium-treated 
animals had higher blood pressure than controls.?? Gor- 
don and Drury?” proposed that potassium might exert a 
direct beneficial effect on vascular integrity in these ani- 
mals. 

Clinical evidence: There is considerable evidence that 
dietary potassium supplementation can decrease blood 
pressure in hypertensive patients in the clinical setting. 
This observation was first reported by Addison? in 1928, 
was subsequently confirmed by Priddle,!! Thompson and 
McQuarrie,'* and Kempner!? in the 1930s and 1940s, 
and has recently been demonstrated in randomized, con- 
trolled clinical trials.?9?^ Potential mechanisms that have 
been proposed to explain the antihypertensive action of 
potassium in humans include a natriuretic effect and a 
decrease in the activity of the renin-angiotensin sys- 
tem.°°-32,34 The daily potassium intake required to pro- 
duce this effect (120 to 175 mEq/day) is only somewhat 
lower than that consumed by primitive man.? However, 
the magnitude of the antihypertensive effect of potassium 
therapy is small, rarely large enough to normalize blood 
pressure. 

Potassium and morbidity in hypertensive patients: 
These observations (in small numbers of patients evaluat- 
ed for brief periods of time) have been supported by the 
finding of an inverse relation between long-term dietary 
potassium intake and the level of blood pressure in large 
epidemiologic studies.*> Differences among communities 
in the distribution of blood pressure levels have been 
related to differences in potassium intake or excretion in 
studies performed in the United States,?6? Japan, ^04! 
Sweden‘? and the West Indies. The average intake of 
potassium in blacks in the southeastern United States 
(who have a very high prevalence of hypertension) is 
much lower (35 mEq/day) than the average intake of 
potassium in whites (70 mEq/day).??^^ In all of these 
studies, the differences in the levels of blood pressure that . 
could be attributed to the differences in dietary potassium 
are small. Are such small differences clinically relevant? 

This question recently has been addressed by Khaw 
and Barrett-Connors,? who examined the relation be- 
tween dietary potassium intake and subsequent stroke- 
associated mortality in 859 men and women in southern 
California. A low potassium intake was associated with a 
marked increase in the risk of stroke-associated death; 
this risk could not be explained by other dietary variables 
or known cardiovascular risk factors. It is important to 
note that the apparent protective effect of dietary potassi- 
um was much greater than could be expected from the 
antihypertensive action of potassium. In this study, there 
was a 40% reduction in the risk of stroke for each 10- 
mmol increase in daily intake of potassium, but such a 
small increase in dietary potassium usually produces only 





]-mm Hg decrease in blood pressure— probably insuffi- 
cient to significantly reduce the risk of stroke. This 
clinical observation is reminiscent of the experimental 
work of Meneely,!?!6 Tobian!^!* and their co-workers, 
~ who also noted a protective effect of potassium on the 
vascular sequelae of hypertension, which was greater 
than could be predicted by the reduction in blood pres- 
sure. 

Potassium and mortality in hypertensive patients: 
Potassium depletion may also affect the mortality of hy- 
pertensive patients—without reducing blood pressure— 
by increasing the risk of lethal ventricular arrhythmias. 
Although the relation between hypokalemia and arrhyth- 
mias during short-term diuretic therapy remains contro- 
versial, 46?! long-term treatment with diuretics increases 
, the frequency of ventricular ectopic rhythms, presumably 
because prolonged therapy is associated with notable po- 
tassium depletion.?? 

Are these arrhythmias clinically important? Sudden 

cardiac death is a major cause of mortality in hyperten- 
sive patients treated with diuretics.?? Three studies have 
noted a higher incidence of sudden death in hypertensive 
patients who were intensively treated with diuretics than 
in patients randomly assigned to the control group.?^-^6 
This risk was particularly striking in patients with elec- 
trocardiographic evidence of left ventricular hypertro- 
phy,?-?? who have potentially malignant ventricular ar- 
rhythmias even in the absence of diuretic therapy.^? 
Moreover, if myocardial ischemia develops in the hyper- 
.tensive patient, potassium depletion may dramatically 
'increase the risk of lethal ventricular arrhythmias.°?-° 
All of these factors may explain why diuretics have not 
reduced cardiovascular mortality in most long-term trials 
of hypertensive patients." In a large, long-term study 
that used potassium-sparing diuretics, however, an excess 
of sudden deaths was not observed, and cardiovascular 
mortality was favorably affected.*! 

Although several lines of evidence suggest that dietary 
potassium may play an important role in modifying the 
myocardial and vascular sequelae of hypertension, there 
is no placebo-controlled trial that has prospectively tested 
the hypothesis that potassium supplementation can re- 
duce morbidity or mortality in this disease. 


. .POTASSIUM AND CARDIOVASCULAR 
` MORBIDITY AND MORTALITY 
IN HEART FAILURE 

Is there a relation between potassium and cardiovas- 
cular morbidity and mortality noted in hypertensive pa- 
tients that is applicable to patients with congestive heart 
failure? 

Potassium depletion in heart failure: Although it is 
generally accepted that patients with heart failure are 
potassium deficient, attempts to confirm this hypothesis 
and to quantify the magnitude of the potassium deficit 
have been plagued by inaccuracies of the techniques that 

. have been used to perform these studies. Previous reports 
^ generally concluded that patients with heart failure had 
marked degrees of potassium depletion, which improved 
after treatment of their symptoms.9?-96 These studies, 
however, estimated total body potassium by measuring 
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exchangeable potassium. Unfortunately, this radioisoto- 
pic technique may have overestimated the magnitude of 
the potassium deficit in these patients, because the heart 
failure state increases the equilibration time for injected 
isotopes.97 

Recent studies, however, using in vivo neutron activa- 
tion analysis, have supported the traditional belief that 
patients with heart failure have an important deficit of 
total body potassium, which appears primarily to affect 
the intracellular compartment’; this has also been con- 
firmed by direct measurement in both skeletal and cardi- 
ac muscle.’°-’3 This potassium deficiency cannot be ex- 
plained by the use of potent diuretics; instead, it appears 
to be most marked in patients with the greatest activa- 
tion of the renin-angiotensin system, as reflected by the 
evaluation of plasma renin activity or by the presence 
of hyponatremia.9569.735 After treatment with digital- 
is and diuretic drugs, intracellular potassium returns 
toward normal concentrations in patients who respond 
favorably to therapy, but not in those with refractory 
symptoms. 5:66.69,73,74 

Could the failure to replete intracellular levels of po- 
tassium within the myocardium have contributed to the 
lack of response of some patients to treatment? Potassi- 
um is essential for the normal energy metabolism of the 
heart,’> and a deficiency of myocardial potassium has 
been reported to produce structural and functional abnor- 
malities both in animals and in humans that can lead to 
the development of heart failure.’®*° It is noteworthy 
that the severity of the myocardial lesions produced by 
potassium deficiency can be exacerbated if sodium is 
present in excess.*! These observations suggest that po- 
tassium may be a useful therapeutic intervention in 
edematous patients with heart failure. 

Potassium salts as a treatment for heart failure: Po- 
tassium salts have been used to treat heart failure since 
Willis? advocated their use for patients with dropsy in 
1679. This approach gained credence after investigators 
found that intracellular potassium was markedly deplet- 
ed in chronic heart failure. Also, both the potassium 
deficit as well as the clinical status of patients improved 
after the oral administration of large doses of potassi- 
um,/^7553 whether or not hypokalemia was present or 
dietary sodium was restricted. 

The mechanism by which potassium might exert these 
beneficial effects in patients with heart failure remains 
unknown. Several reports have suggested that potassium 
possesses direct natriuretic effects.257? The diuretic ac- 
tion of oral potassium salts has been known to physicians 
for 3 centuries,*? and potassium nitrate, bicarbonate and 
chloride have been used to increase urine output in a 
variety of edematous states, even in those without heart 
failure.5^?7 Other investigators have suggested that po- 
tassium repletion may improve the contractile function of 
the heart by correcting the intracellular deficiency of 
potassium within the failing myocardium.7975555 A simi- 
lar mechanism has been used to explain the positive ino- 
tropic actions of insulin (which promotes the entry of 
potassium into cells) in dogs with acute heart failure®® 
and the hemodynamic and clinical improvement seen in 
patients with chronic heart failure treated with infusions 
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of insulin, glucose and potassium.9??? Finally, because 
potassium can suppress the secretion of renin?^ and can 
decrease vascular responsiveness to angiotensin IL 
some of the symptomatic benefits seen after potassium 
therapy may be related to interference with the renin- 
angiotensin system. This hypothesis is supported by the 
observation that potassium therapy can correct hypona- 
tremia,/?.74.7990 an excellent marker of the activity of the 
renin-angiotensin system in patients with heart failure.?! 

Potassium depletion as a cause of arrhythmias: Ven- 
tricular arrhythmias are extremely common in chronic 
heart failure and may be exacerbated by the numerous 
structural, hemodynamic and neurohormonal abnormali- 
ties that characterize patients with advanced left ventric- 
ular dysfunction.?? Electrolyte deficits may also be a 
major contribution to the frequency, complexity and le- 
thality of ventricular arrhythmias by a variety of mecha- 
nisms. Potassium depletion may exert direct arrhythmo- 
genic effects,?? it may potentiate the arrhythmias that 
occur secondary to digitalis and catecholamines,???^4 it 
may interfere with the therapeutic efficacy of antiar- 
rhythmic drugs,?? and it may enhance the proarrhythmic 
potential of antiarrhythmic therapy.?9 Depletion of mag- 
nesium may exacerbate ventricular arrhythmias by simi- 
lar mechanisms.?^?5 Electrolyte depletion may exacer- 
bate arrhythmias in heart failure even in the absence of 
measurable decline in the serum concentrations of potas- 
sium and magnesium.??.!00 

Are these observations relevant to the clinical setting? 
Dargie et al!?! showed that the frequency of ventricular 
ectopic beats in patients with heart failure is directly 
related to both the serum concentration and the total 
body level of potassium; a similar relation between ven- 
tricular arrhythmias and serum magnesium has recently 
been reported by Gottlieb and associates.!?? These find- 
ings are not merely statistical associations. In patients 
whose arrhythmias are associated with hypokalemia and 
hypomagnesemia, the administration of potassium and 
magnesium salts can reduce the frequency and complexi- 
'ty of ventricular tachyarrhythmias and may prevent 
the subsequent occurrence of sudden death without the 
need for long-term antiarrhythmic drug therapy.!0?.104 
Achievement of these goals is made more difficult, how- 
ever, when potassium and magnesium deficits coexist. 
Under such circumstances, repletion of magnesium may 
be critical to the success of treatment. Therapy with po- 
tassium salts alone frequently fails to restore normal se- 
rum levels of potassium or normal sinus rhythm, whereas 
magnesium may correct the hypomagnesemia and the 
hypokalemia as well as the accompanying tachyarrhyth- 
mias, 104.105 

Role of potassium as a determinant of survival: If the 
depletion of potassium (and magnesium) contributes to 
the ventricular dysfunction and ventricular arrhythmias 
seen in chronic heart failure, we might expect these elec- 
trolyte disturbances to have prognostic significance. This 
expectation has been fulfilled by the observations of Dar- 
gie et al,!!!° and Gottlieb et al,!°* who showed that 
hypokalemia and hypomagnesemia were important uni- 
variate predictors of survival in patients with advanced 
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left ventricular dysfunction. The relation of these electro- 
lyte deficits to mortality, however, appeared to be more 
easily explained by their relation to the development of 


ventricular arrhythmias rather than to the degree of left — 


ventricular dysfunction.!9!:!0? Electrolyte deficits can be 
an immediate cause of lethal ventricular tachyarrhyth- 
mias in chronic heart failure,?* and the prevention or 
correction of potassium depletion can prevent sudden 
death.!93:!97 Most important, shifts in potassium balance 
may provide a mechanism by which pharmacologic 
agents influence survival in chronic heart failure. 
Potassium, converting-enzyme inhibitors and surviv- 
al: By inhibiting the detrimental actions of angiotensin 
II, converting-enzyme inhibitors can prolong life in pa- 
tients with chronic heart failure.!05./0? One mechanism 
by which excessive levels of angiotensin II may adversely 
affect the course of these patients is by promoting the 
wastage of potassium and, thereby, the development of 
hypokalemic arrhythmias.??.!'? This intriguing hypothe- 
sis might explain why ventricular arrhythmias are most 
prevalent in patients with the highest plasma renin ac- 
tivity (who have the most severe potassium deple- 
tion)65.101.!11 and why angiotensin suppression reduces 
the frequency of ventricular arrhythmias in chronic heart 
failure,!!?.!!? primarily by restoring the potassium bal- 
ance of patients with high renin levels.9?.!!1-1!3 Do these 
antiarrhythmic effects of the converting-enzyme inhibi- 
tors contribute to the ability of these drugs to reduce 
mortality in chronic heart failure? Although the pre- 


cise mechanism by which captopril and enalapril prolong ~ ' 


life remains controversial,!!^ several reports suggest 
that these drugs can reduce the occurrence of sudden 
death. 106,109 

Potassium, beta blockers and survival: Recent studies 
suggest that 8 blockers may prolong life in patients with 
acute myocardial infarction whose early course is compli- 
cated by the development of heart failure.!!>:!!© The pri- 
mary mechanism by which 6 blockers reduce mortality in 
this setting remains unknown, but several investigators 
have suggested that these drugs act by preventing the 
development of lethal rhythm disturbances, tachyar- 
rhythmias and sudden death.!!? Some of the ventricular 
arrhythmias seen in patients with acute myocardial in- 
farction are caused or exacerbated by hypokalemia— , 


provoked by the use of diuretics and the direct action of *. 


circulating catecholamines to promote the entry of extra- 
cellular potassium into cells? By interfering with the 
latter mechanism, 8 blockers (when administered to pa- 
tients within hours of the onset of ischemic pain) can 
prevent the development of hypokalemia!!" and may 
thereby reduce the occurrence of life-threatening rhythm 
disturbances. !5 

Potassium, calcium channel blockers and survival: 
By activating the renin-angiotensin system, calcium an- 
tagonists can provoke hypokalemia in patients with se- 
vere heart failure.!!?.!?9 This finding is of particular inter- 


est because patients whose plasma renin activity increases , _ 


after treatment with nifedipine are likely to experience 
unfavorable short-term response to the drug!?!; patients 
may be at greatest risk of adverse events if the renin- 
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angiotensin system is already markedly activated before 
treatment.'?!:!?? This finding is of particular interest be- 
cause of recent observations that calcium antagonists can 
increase the mortality of patients with acute myocardial 
infarction whose early course was complicated by heart 
failure.!?? The relation of this adverse effect on survival to 
the predilection of these drugs to cause hypokalemia, 
however, has not been explored. 

Potassium, beta agonists and survival: In a recent 
double-blind trial, investigators noted an increase in the 
mortality of patients with heart failure randomly as- 
signed to treatment with intermittent intravenous dobu- 
tamine, when compared with their placebo-treated coun- 
terparts.'*4 This excess mortality appeared to be related 
to an increased number of sudden deaths, particularly in 
patients who had the highest frequency of ventricular 
arrhythmias before randomization. In many patients, do- 
butamine therapy increased the frequency of ventricular 
arrhythmias concurrently with the development of hypo- 
kalemia and hypomagnesemia (presumably related to the 
82-agonist effects of the drug)!?5; these electrolyte distur- 
bances were believed to contribute to the unfavorable 
effects on survival that were seen in this study.!24 


CONCLUSIONS 

The large volume of experimental and clinical evi- 
dence reviewed in this article suggests that potassium 
plays an important role in determining the morbidity and 


„„ Mortality of patients with systemic hypertension and 


z 


| chronic heart failure. Potassium may modify both the 


mechanical and electrical properties of the heart; it can 
modulate the activity of both the sympathetic nervous 
and renin-angiotensin systems; and it can dilate blood 
vessels, exert diuretic effects and attenuate the degree of 
vascular damage seen in states of sodium excess. Given 
this central role, the effects of many pharmacologic inter- 
ventions on the morbidity and mortality of patients with 
hypertension or chronic heart failure probably can be 
enhanced or diminished by the effect that these treat- 
ments may have on potassium homeostasis. Such obser- 
vations suggest that maintenance of potassium balance 
should be a critical element in the management of both 
cardiovascular disorders. 


^ 
REFERENCES 
1. Karrell P. Uber die Milchkur. St. Petersborg Med Ztscher 1864-1865;7- 
8:193-220. 
2. Chrestian J. De l'utilite du lait administre comme remede et comme aliment 
dans le traitement de l'hydropsie ascite. Arch Gen Med 1931;27:329-349. 
3. Ambard L, Beaujard E. Causes de l'hypertension arterielle. Arch Gen Med 
1904;1:520—533. 
4. Grollman A, Harrison TR, Williams JR Jr. Effect of various sterol derivaties 
on blood pressure of rat. J Pharmacol Exp Ther 1940;69:149-155. 
5. Dahl LK, Love RA. Evidence of relationships between sodium (chloride) 
intake and human essential hypertension. Arch Intern Med 1954;94:525-531. 
6. Dahl LK. Salt intake and salt need. N Engl J Med 1958;258:1152-1208. 
7. Meneely GR, Dahl LKK. Electrolytes in hypertension: the effects of sodium 
chloride. The evidence from animal and human studies. Med Clin North Am 
1961;45:271-283. 
8. Denton D. Hunger for Salt, an Anthropological and Medical Analysis. New 
York: Springer-Verlag, 1982:573-575. 
9. Meneely GR, Battarbee HD. High sodium-low potassium environment and 
hypertension. Am J Cardiol 1976;38:768—785. 
10. Addison WLT. The use of sodium chloride, potassium chloride, sodium 
bromide, and potassium bromide in cases of arterial hypertension which are 


amenable to potassium chloride. Can Med Assoc J 1928;18:28 1-285, 

11. Priddle WW. Observation on the management of hypertension. Can Med 
Assoc J 1931 ;25:5-8. 

12. Thompson HW, McQuarrie I. Effects of various salts on carbohydrate 
metabolism and blood pressure in diabetic children. Proc Soc Exp Biol Med 
1933-1934;31:907-909. 

13. Kempner WP. Treatment of kidney disease and of hypertensive vascular 
disease with rice diet. NC Med J 1944;5:125-157. 

14. Dole VP, Dahl LK, Cotzias GC, Eder HA, Krebs ME. Dietary treatment of 
hypertension. Clinical and metabolic studies of patients on the rice-fruit diet. J 
Clin Invest 1950;29:1189-1206. 

15. Meneely GR, Ball COT, Youmans JB. Chronic sodium chloride toxicity: The 
protective effect of added potassium chloride. Ann Intern Med 1957 :47:263-273. 
16. Meneely GR, Ball COT. Experimental epidemiology of chronic sodium 
chloride toxicity and the protective effect of potassium chloride. 4m J Med 
1958;25:713-725. 

17. Tobian L, MacNeill D. Johnson MA, Ganguli MC, Iwai J. Potassium 
protection against lesions of the renal tubules, arteries, and glomeruli and nephron 
loss in salt-loaded hypertensive Dahl S rats. Hypertension 1984;6:suppl 1:170- 
176. 

18. Tobian L, Lange J, Ulm K, Wold L, Iwai J. Potassium reduces cerebral 
hemorrhage and death rate in hypertensive rats, even when blood pressure is not 
lowered. Hypertension 1985;7:suppl 1:110-114. 

19. Treasure J, Ploth D. Role of dietary potassium in the treatment of hyperten- 
sion. Hypertension 1983;5:864—872. 

20. Bogdanski DF, Blaxzkowki TP, Tissari AH. Mechanisms of biogenic amine 
transport and storage. IV. Relationship between K* and the Na* requirement for 
transport and storage of 5-hydroxytryptamine and norepinephrine in synapto- 
somes. Biochim Biophys Acta 1970;211:521—532. 

21. Battarbee HD, Funch DP, Daily JW. The effect of dietary sodium and 
potassium upon blood pressure and catecholamine excretion in the rat. Proc Soc 
Exp Biol Med 1979;161:32-37. 

22. Dahl LK, Leitt G, Heine M. Influence of dietary potassium and sodium/ 
potassium molar ratios on the development of salt hypertension. / Exp Med 
1972;136:318—330. 

23. Goto A, Tobian L, Iwai J. Potassium feeding reduces hyperactive central 
nervous system pressor responses in Dahl salt-sensitive rats. Hypertension 
1981;3:suppl 1:128-134. 

24. Vander AJ. Direct effects of potassium on renin secretion and renal function. 
Am J Physiol 1970;219:455-459. 

25. Brandis M, Keyes J, Windhager EE. Potassium induced inhibition of proxi- 
mal tubular fluid reabsorption in rats. Am J Physiol 1972;222:421-427. 

26. Young DB, McCaa RE, Pan Y, Guyton AC. The natriuretic and hypotensive 
effects of potassium. Circ Res 1976;38:suppl 2:84-89. 

27. Campbell WB, Scmitz JM. Effect of alterations in dietary potassium on the 
pressor and steroidogenic effect of angiotensins II and III. Endocrinology 
1978;103:2098—2104. 

28. Emmanuel DA, Scott JB, Haddy FJ. The vasodilator action of potassium. 
Am J Physiol 1959;197:637-642. 

29. Gordon DB, Drury DR. The effect of potassium on the occurrence of petechi- 
al hemorrhage in renal hypertensive rabbits. Circulation 1956;4:167-172. 

30. Limura O, Kijima T, Kikiuchi K, Miyama A, Ando T, Nakao T, Takigami Y. 
Studies on the hypotensive effect of high potassium intake in patients with essen- 
tial hypertension. Clin Sci 1981;61:77s-80s. 

31. Parfrey PS, Vandenburg MJ, Wrigt P, Holly JMP, Goodwin FJ, Evans SJW, 
Ledingham JM. Blood pressure and hormonal changes following alterations in 
dietary sodium and potassium in mild essential hypertension. Lancet 1981;1:59— 
63. 

32. MacGregor GA, Smith SJ, Markandu ND, Banks RA, Sagnella GA. Moder- 
ate potassium supplementation in essential hypertension. Lancet 1982;2:567-570. 
33. Morgan TO. The effect of potassium and bicarbonate ions on the rise in blood 
pressure caused by sodium chloride. Clin Sci 1982:63:407s—409s. 

34. Kaplan NM, Carnegie A, Raskin P, Heller JA, Simmons M. Potassium 
supplementation in hypertensive patients with diuretic-induced hypokalemia. N 
Engl J Med 1985;312:746-749. 

35. Langford HG. Dietary potassium and hypertension: epidemiologic data. Ann 
Intern Med 1983;98:770-772. 

36. Walker WG, Whelton PK, Saito H, Russel RP, Hermann J. Relation be- 
tween blood pressure and renin, renin substrate, angiotensin II, aldosterone and 
urinary sodium and potassium in 574 ambulatory subjects. Hypertension 
1979:1:287—291. 

37. Watson RL, Langford HG, Abernathy J, Barnes TY, Watson ML. Urinary 
electrolytes, body weight, and blood pressure: pooled cross-sectional results among 
four groups of adolescent females. Hypertension 1980;2:suppl 1:93-98. 

38. Khaw K-T, Barrett-Connor E. Dietary potassium and blood pressure in a 
population. Am J Clin Nutr 1984;39:963-968. 

39. Langford HG, Watson RL, Douglas BH. Factors af fecting blood pressure in 
population groups. Trans Assoc Am Phys 1968;81:135-146. 

40. Yamori Y, Kihara M, Nara Y, Ohtaka M, Horie R, Tsunematsu T, Note S. 
Hypertension and diet: multiple regression analysis in a Japanese farming com- 
munity. Lancet 1981;1:1204-1205. 

41. Sasaki N, Mitsuhasi T, Fukushi S. Effects ingestion of large amounts of 


THE AMERICAN JOURNAL OF CARDIOLOGY MARCH 6,1990 49E 


. Ani 


A SYMPOSIUM: HORMONE-ELECTROLYTE INTERACTIONS IN CONGESTIVE HEART FAILURE 


apples on blood pressure in farmers in Akita prefecture. Igaku Seibutsugaku 
1959;51:103-105. 

42. Ljungman S, Avrell M, Hartford M, Wikstrand J, Withelmsen L, Berglund 
G. Sodium excretion and blood pressure. Hypertension 1981;3:318-326. 

43. Khaw K-T, Rose G. Population study of blood pressure and associated factors 
in St. Lucia, West Indies. Int J Epidemiol 1982;11:373-377. 

44. Grim CE, Lift FC, Miller JZ, Meneely GR, Battarbee HD, Hames CG, Dahl 
LK. Racial differences in blood pressure in Evans County, Georgia: relationships 
to sodium and potassium intake and plasma renin activity. J Chronic Dis 
1980;33:87 -94. 

45. Khaw K-T, Barrett-Connors E. Dietary potassium and stroke-associated 
mortality. A 12-year prospective population study. N Engl J Med 1987;316:235- 
240. 

46. Hollifield J, Slaton P. Thiazide diuretics, hypokalemia and cardiac arrhyth- 
mias. Acta Med Scand 1981 ,6479:suppl:67-73. 

47. Thiazide treatment of hypertension. Effects of thiazide diuretics on serum 
potassium, magnesium and ventricular ectopy. Am J Med 1986;80:suppl 4a:8-1 2. 
48. Holland OB, Nixon JV, Kuhnert L. Diuretic induced ventricular ectopic 
activity. Am J Med 1981,70:762-768. 

49. Papademetriou V, Fletcher R, Khatri IM, Freis ED. Diuretic induces hypo- 
kalemia in uncomplicated systemic hypertension. Effect of plasma potassium 
correction on cardiac arrhythmias. Am J Cardiol 1983,52:1017-1022. 

50. Lumme JAJ, Jounela AJ. Cardiac arrhythmias in hypertensive outpatients on 
various diuretics. Correlation between incidence and serum potassium and magne- 
sium levels. Ann Clin Res 1986;18:186-190. 

51. Madias JE, Madias NE, Bavras HP. Nonarrhythmogenicity of diuretic 
induced hypokalemia. Arch Intern Med 1984;144:2171-21 76. 

52. Medical Research Council Working Party on Mild to Moderate Hyperten- 
sion. Ventricular extrasystoles during thiazide treatment: substudy of MRC mild 
hypertension trial. Br Med J 1983;287:1249-1253. 

53. Veterans Administration Cooperative Study. Effect of treatment on morbid- 
ity in hypertension. JAMA 1970;213:1143-1150. 

54. Hypertension Stroke Cooperative Study Group. Effect of antihypertensive 
treatment on stroke recurrence. JAMA 1974;229:409-418. 

55. Multiple Risk Factor Intervention Trial Research Group. Multiple risk factor 
intervention: risk factor changes and mortality results. JAMA 1982;248:1465- 
1477. 

56. Morgan TO, Adams WR, Hodgson M, Gibberd RW. Failure of therapy to 
improve prognosis in elderly males with hypertension. Med J Aust 1980;2:27-31. 
57. Kuller LH, Hulley SB, Cohen JD, Neaton J. Unexpected effects of treating 
hypertension in men with electrocardiographic abnormalities: a critical analysis. 
Circulation 1986;73:114—123. 
58. McLenachen JM, Henderson E, Morris KI, Dargie HJ. Ventricular arrhyth- 
mias in patients with hypertensive left ventricular hypertrophy. N Engl J Med 
1987;317:787-792. 

59. Nordrehaug JE, Johannessen KA, Von der Lippe G. Serum potassium 
concentration as a risk factor for ventricular arrhythmias early in acute myocardi- 
al infarction. Circulation 1985;7 1:645—649. 

60. Johansson BW, Dziamski R. Malignant arrhythmias in acute myocardial 
infarction. Relationship to serum potassium and effect of selective and nonselec- 
tive beta blockade. Drugs 1984;28:suppl 1:77-85. 

61. Amery A, Birkenhager W, Brixbo P, Bulpitt C, Clement D, Deruyttere M, 
DeSchaepdryver A, Dollery C, Fagard R, Forette R, Forrette F, Forte J, Hamdy 
R, Henry JF, Joossens JV, Leonetti G, Lund-Johansen P, O'Malley K, Petrie J, 
Strasser T, Tuomilehto D, Williams B. Mortality and morbidity results for the 
European Working Party on High Blood Pressure in the Elderly trial. Lancet 
1985;1:1349-1354. 

62. Birkenfield LW, Leibman J, O’Meara MP, Edelman IS. Total exchangeable 
sodium, total exchangeable potassium, and total body water in edematous patients 
with cirrhosis of the liver and congestive heart failure. J Clin Invest 1958;37:687- 
698. 

63. Flear CTG, Quinton A, Carpenter RG, Sivyer A. Exchangeable body potassi- 
um and sodium in patients with congestive heart failure. Clin Chim Acta 
1966;13:1-12. 

64. White RJ, Chamberlain DA, Hamer J, McAlister J, Hawkins LA. Potassium 
dePletion in severe heart disease. Br Med J 1969;2:606-610. 

65. Cox JR, Horrocks P, Speight CJ, Pearson RE, Hobson N. Potassium and 
sodium distribution in cardiac failure. Clin Sci 1971;41:55-61. 

66. Novak LP, Harrison CE. Abnormalities of cellular potassium concentration 
in uncompensated and compensated congestive heart failure. Mayo Clin Proc 
1973;48:107-113. 

67. Lye M, Winston B. Whole body potassium and total exchangeable potassium 
in elderly patients with heart failure. Br Heart J 1979;42:568-572. 

68. Cleland JG, Dargie HJ, Robertson I, Robertson JI, East BW. Total body 
electrolyte composition in patients with heart failure: a comparison with normal 
subjects and patients with untreated hypertension. Br Heart J 1987 ;58:230-238. 
69. Cleland JGF, Dargie HJ, East BW, Robertson I, Hodsman GP, Ball SG, 
Gillens G, Robertson JIS, Morton JJ. Total body and serum electrolyte composi- 
tion in heart failure: the effects of captopril. Eur Heart J 1985,6:681-688. 
70. Harrison TR, Pilcher C, Ewing G. Studies in congestive heart failure. IV. The 
potassium content of skeletal and cardiac muscle. J C. lin Invest 1930;8:325-335. 


SOE THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


71. Pilcher C, Calhoun JA, Cullen GE, Harrison TR. Studies in congestive heart 
failure. V. The potassium content of skeletal muscle obtained by biopsy. J Clin 
Invest 1930;9:191-196. 

72. Iseri LT, Alexander LC, McCaughey RS, Boyle AJ, Myers GB. Water and 
electrolyte content of cardiac and skeletal muscle in heart failure and myocardial 
infarction. Am Heart J 1952;43:215-227. 

73. Cort JH, Matthews HL. Potassium deficiency in congestive heart failure. 
Three cases with hyponatremia, including results of potassium replacement in one 
case. Lancet 1954;1:1 202-1206. 

74. Aikawa JK, Fritz RH. Exchangeable potassium content of the body in 
congestive failure. Changes during treatment. Circulation 1 956;14:1093-1098. 
75. Boyer PD, Lardy HA, Phillips PH. The role of potassium in muscle phosphor- 
ylations. J Biol Chem 1942;146:673-682. 

76. Follis RH, Orent-Keiles E, McCollum EV. The production of cardiac and 
renal lesions in rats by a diet extremely deficient in potassium. Am J Pathol 
1942;18:29-40. 

77. McAllen PM. Myocardial changes occurring in potassium deficiency. Br 
Heart J 1955;17:5-14. » 

78. Frenkel M, Groen J, Willebrands AF. Low serum potassium level during 
recovery from diabetic coma. Arch Intern Med 1947 ;80:7 28-738. 

79. Gamble AH, Wiese HF, Hansen AE. Marked hypokalemia in prolonged 
diarrhea: Possible effect on heart. Pediatrics 1948;1:58-65. 

80. Goodof II, MacBryde CM. Heart failure in Addison's disease with myocardi- 
al changes of potassium deficiency. J Clin Endocrinol 1 951 ;4:30-34. 

81. Cannon PR, Frazierr LE, Hughes RH. Sodium as a toxic ion in potassium 
deficiency. Metabolism 1953;2:297-31 2. 

82. Willis T. Pharmaceutice Rationalis. London: C. Dring, C. Harper and J. 
Leigh; 1679;74. 

83. Iseri LT, Boyle AJ, Myers GB. Water and electrolyte balance during recovery 
from severe congestive failure on a 50 milligram sodium diet. 4m Heart J 
1950;40:706-7 30. 

84. Wilks S, Taylor AS. A case in which a large quantity of nitrate of potash was 
taken medicinally: elimination of this salt by the urine. Guy's Hosp Rep 
1893;9:173-179. i 

85. Magnus-Levy A. Alkalichloride und Alkalikarbonate bei Oedemen. Deut- 
sche Med Wochenschr 1920;46:594-596. 

86. Basset S, Elden CA, McCann WS. The mineral exchanges of man: II. Effect 
of excess potassium and of calcium on two normal men and on an edematous 
nephritic. J Nutr 1932;5:1-27. 





87. Osman AA. Studies in Bright's disease: the use of alkalis in the treatment of 


Bright's disease and their prophylactic value in this and other conditions associ- 
ated with impairment of renal function. Guy's Hosp Rep 1 927,77:386-435. 
88. Reikeras O, Gunnes P, Sorlie D, Ekroth R, Jorde R, Mjos OD. Haemody- 
namic effects of high doses of insulin during acute left ventricular failure in dogs. 
Eur Heart J 1985;6:451—457. 

89. Majid PA, Sharma B, Meeran MKM, Taylor SH. Insulin and glucose in the 
treatment of heart failure. Lancet 1972;2:937-941. 

90. Allison SP, Morley CJ, Burns-Cox CJ. Insulin, glucose, and potassium in the 
treatment of congestive heart failure. Br Med J 1972;3:675-678. 

91. Packer M, Medina M, Yushak M. Correction of dilutional hyponatremia in 
patients with severe chronic heart failure by converting-enzyme inhibition. Ann 
Intern Med 1984;100:782-789. 

92. Packer M, Gottlieb SS, Blum MA. Immediate and long-term pathophysio- 
logic mechanisms underlying the genesis of sudden cardiac death in patients with 
congestive heart failure. Am J Med 1987;82:34:4-10. 

93. Fisch C. Relation of electrolyte disturbances to cardiac arrhythmias. Circula- 
tion 1973;47:408-419. 

94. Steiness E, Olesen KH. Cardiac arrhythmias induced by hypokalemia and 
potassium loss during maintenance digoxin therapy. Br Heart J 1976;38:167-172. 
95. Wantabe Y, Dreifus LS, Likoff W. Electrophysiologic antagonism and syner- 
gism of potassium and antiarrhythmic agents. Am J Cardiol 1963;12:702-710. 
96. Winkle FA, Mason JW, Griffin JC, Ross D. Malignant ventricular tachyar- 
rhythmias associated with the use of encainide. Am Heart J 1981;1 02:857-864. 
97. Hollifield JW. Potassium and magnesium abnormalities: Diuretics and ar- 
rhythmias in hypertension. Am J Med 1984,77:5A:28-32. 

98. Dyckner T, Wester PO. Relation between potassium, magnesium and cardiac 
arrhythmias. Acta Med Scand [Suppl] 1981;647:163-169. 

99. Brater BC, Morelli H. Digitalis induced arrhythmias associated with normo- 
kalemia, potassium depletion and alkalosis (abstr). Clin Res 1976;24:253A. 
100. Abraham AS, Rosenman D, Meshulam Z, Zion M, Eylath U. Serum, 
lymphocyte, and erythrocyte potassium, magnesium, and calcium concentrations 
and their relation to tachyarrhythmias in patients with acute myocardial infare- 
tion. Am J Med 1986;81:983-988. 

101. Dargie HJ, Cleland JG, Leckie BJ, Inglis CG, East BW, Ford I. Relation of 
arrhythmias and electrolyte abnormalities to survival in patients with severe 
chronic heart failure. Circulation 1987;75:suppl IV:IV-98-1V-107. 

102. Gottlieb SS, Baruch L, Kukin ML, Bernstein JL, Fisher ML, Greenberg N, 
Packer M. Prognostic significance of an abnormal serum magnesium in patients 
with chronic heart failure (abstr). Clin Res 1989;37:2634A. 

103. Ruder MA, Flaker GC, Alpert MA, Bertuso J. Hypokalemia as a cause of 
cardiac arrest: results of electrophysiologic testing and long-term follow-up. Am 


n 





Heart J 1985;110:490—49]. 

104. Chadda K, Ballas M, Bodenheimer MN. Efficacy of magnesium replace- 
ment in patients with hypomagnesemia and cardiac arrhythmia (abstr). Circula- 
tion 1984;70:suppl II:11-444. 

105. Whang R, Aikawa JK. Magnesium deficiency and refractoriness to potassi- 
um repletion. J Chronic Dis 1977;30:65-68. 

106. Cleland JG, Dargie HJ, Ford I. Mortality in heart failure: clinical variables 
of prognostic value. Br Heart J 1987;58:572-582. 

107. Packer M, Lee WH. Provocation of hyper- and hypokalemic sudden death 
during treatment with and withdrawal of converting-enzyme inhibition in patients 
with severe chronic heart failure. Am J Cardiol 1986;57:347-348. 

108. The CONSENSUS Trial Study Group. Effects of enalapril on mortality in 
severe congestive heart failure. Results of the Cooperative North Scandinavian 
Enalapril Survival Study (CONSENSUS). N Engl J Med 1987;316:1429-435. 
109. Newman TJ, Maskin CS, Dennick LG, Meyer JH, Hallows BG, Cooper 
WH. Effects of captopril on survival in patients with heart failure. 4m J Med 
1988,;84:140-144. 

110. Packer M, Gottlieb SS, Kessler PD. Hormone-electrolyte interactions in the 
pathogenesis of lethal cardiac arrhythmias in congestive heart failure. The basis of 
a new physiologic approach to control of arrhythmia. Am J Med 1986;80:4A:23- 


111. Gottlieb SS, Kukin ML, Blum MA, Lanza SN, Ahern D, Packer M. 
Activation of the renin-angiotensin system is an important arrhythmogenic factor 
in chronic heart failure (abstr). Clin Res 1988;36:280A. 

112. Cleland JGF, Dargie HJ, Hodsman GP, Ball SG, Robertson JIS, Morton 
JJ, East BW, Robertson I, Murray GD, Gillen G. Captopril in heart failure: a 
double-blind controlled trial. Br Heart J 1984;52:530-535. 

113. Cleland JGF, Dargie HJ, Ball SG, Gillen G, Hodsman GP, Morton JJ, East 
BW, Robertson I, Ford I, Robertson JIS. Effects of enalapril in heart failure: a 
double blind study of effects on exercise performance renal function, hormones, 
and metabolic state. Br Heart J 1985;54:305-312. 

114. Packer M. Enalapril for congestive heart failure (letter). N Engl J Med 
1987 ;317:1351. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


115. Chadda K, Goldstein S, Byington R, Curb JD. Effect of propranolol after 
acute myocardial infarction in patients with congestive heart failure. Circulation 
1986 ;73:503-510. 

116. Olsson G, Rehnqvist N. Effect of metoprolol in postinfarction patients with 
increased heart size. Eur Heart J 1986;7:468-474. 

117. Nordrehaug JE, Johannessen K-A, von der Lippe G, Sederholm M, Grot- 
tum P, Kjekshus J. Effect of timolol on changes in serum potassium concentration 
during acute myocardial infarction. Br Heart J 1985;53:388-393. 

118. Norris RM, Barnaby PF, Brown MA, Geary GC, Clarke ED, Logan RL, 
Sharpe DN. Prevention of ventricular fibrillation during acute myocardial infarc- 
tion by intravenous propranolol. Lancet 1984;2:883-886. 

119. Agostoni PG, DeCesare N, Doria E, Polese A, Tamborini G, Guazzi MD. 
Afterload reduction: a comparison of captopril and nifedipine in dilated cardiomy- 
opathy. Br Heart J 1986;55:391-399. 

120. Tan LB, Murray RG, Littler WA. Felodipine in patients with chronic heart 
failure: discrepant hemodynamic and clinical effects. Br Heart J 1987;58:122- 
128. 

121. Lefkowitz CA, Moe GW, Armstrong PW. A comparative evaluation of 
hemodynamic and neurohormonal effects of nitroglycerin and nifedipine in con- 
gestive heart failure. Am J Cardiol 1987;59:59B-63B. 

122. Packer M, Lee WH, Medina N, Yushak M, Bernstein JL, Kessler PD. 
Prognostic importance of the immediate hemodynamic response to nifedipine in 
patients with severe left ventricular dysfunction. JACC 1987;10:1303-1311. 
123. The Multicenter Diltiazem Postinfarction Trial Research Group. The effect 
of diltiazem on mortality and reinfarction after myocardial infarction. N Engl J 
Med 1988;319:385-392. 

124. Dies F, Krell MJ, Whitlow P, Liang C-S, Goldenberg I, Applefeld MM, 
Gilbert EM. Intermittent dobutamine in ambulatory outpatients with chronic 
cardiac failure (abstr). Circulation 1986;74:suppl II:II-38. 

125. Goldenberg IF, Lew BT, Olivari M-T, Daniel JA, Nelson RR, Van Tassel 
FA, Ochi R, Levine TB, Cohn JN. Effect of dobutamine infusion on serum 
electrolytes and arterial oxygenation in congestive heart failure (abstr). JACC 
1987;9:34A. 


MARCH 6, 1990 51E 





Final Discussion 


Dr. Milton Packer (New York, New York): We have 
heard a great deal about electrolytes and neurohormonal 
activation thus far, but how important is the problem? 

Dr. Gary S. Francis (Minneapolis, Minnesota): The 
potassium deficits are a very important problem in pa- 
tients with heart failure and, in my own personal practice, 
I attempt to maintain the level of serum potassium within 
the normal range as aggressively as I can. 

Dr. Packer: I assume that if your intent is to maintain 
it aggressively, then you are probably monitoring it ag- 
gressively. When do you start to worry? 

Dr. Francis: Patients with heart failure should have 
their serum potassium concentration maintained at a lev- 
el of 4.0 mEg/liter or greater. One should, of course, be 
careful about aggressively maintaining the potassium lev- 
el if these patients have renal disease or are being treated 
with a converting-enzyme inhibitor. 

Dr. Henry J. Dargie (Glasgow, Scotland): I believe 
that we should be closely monitoring the serum potassium 
concentration in patients with heart failure. The goal of 
maintaining the serum potassium concentration at a level 
of 4.0 mEg/liter or greater seems very reasonable. Al- 
though we are occasionally caught between giving too 
much and too little potassium, I think the dangers of 
potassium supplementation in this clinical setting have 
been overemphasized. The important point is that the 
danger of producing hyperkalemia is probably less than 
that of undertreating hypokalemia. 

Dr. Philip J. Podrid: Most of my patients with heart 
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failure have serious arrhythmias, and thus, I always try to 
keep the serum potassium concentration over 4.0 mEq/ 
liter. This is an important point. Many physicians (partic- 
ularly interns and residents) draw the line at a serum 
potassium concentration of 3.5 mEq/liter, because this is 
what the hospital laboratory calls normal. But I do not 
think that a serum potassium concentration of 3.5 mEq/ 
liter is normal for a patient with heart failure who has 
arrhythmias. 

Dr. Packer: How much potassium per day does the 
average patient with heart failure need? 

Dr. Francis: There is no single answer; it depends on 
the patient. Some patients require enormous amounts of 
potassium, others very little. 

Dr. Packer: Dr. Narins noted that the hypertensive 
patient generally requires about 40 to 60 mEq of potassi- 
um daily, but I have seen some patients with heart failure 
who require much more—sometimes as much as 160 to 
200 mEq daily. Is this common or uncommon? 

Dr. Dargie: It depends on the state that the patient is 
in. The patient who is potassium depleted may require 
large quantities to restore total body levels to normal but 
may require relatively small quantities to maintain a nor- 
mal potassium level once repletion has occurred. The 
degree of activation of the renin-angiotensin system also 
plays an important role in determining the requirement 
for potassium. However, the most commonly prescribed 
dose of potassium chloride (i.e., 20 to 30 mEq/day) is 
probably insufficient for most patients. 
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Myocardial Fibrosis and Pathologic Hypertrophy 
in the Rat with Renovascular Hypertension 


Karl T. Weber, MD, Joseph S. Janicki, PhD, Ruth Pick, MD, 
Joseph Capasso, PhD, and Piero Anversa, MD 


An abnormal elevation in collagen concentration or 
myocardial fibrosis occurs in the hypertrophied left 
ventricle of the rat with renovascular hypertension 
(RHT). The structural nature and functional conse- 
quences of this fibrosis and the mechanisms in- 
volved in its appearance were reviewed for various 
phases of hypertrophy. Within days after the onset 
of renal ischemia, type | collagen messenger ribo- 
nucleic acid is expressed. An interstitial fibrosis fol- 
lows, characterized by an increased dimension of 
existing perimysial fibers and the appearance of fi- 
brillar collagen in spaces previously devoid of colla- 
gen, together with a perivascular fibrosis of intra- 
myocardial coronary arteries. These expressions of 
myocardial fibrosis are associated with an increase 
in diastolic and systolic myocardial stiffness. Endo- 
myocardial fibrosis serves to further increase dia- 
stolic stiffness while myocytes encircled by fibrillar 
collagen become atrophic. Each of these conse- 
quences of myocardial fibrosis reduce myocyte 
length-dependent force generation. At 32 weeks of 
RHT there is an obvious diastolic and systolic dys- 
function of the ventricle together with heart failure 
that includes ventricular dilatation, wall thinning 
and reduced ejection fraction. 

The mechanisms involved in mediating fibrosis 
in RHT appear to be multiple. Myocyte necrosis 
and fibroblast proliferation have been associated 
with elevated circulating angiotensin Il. Necrosis in 
RHT was not seen with captopril pretreatment or in 
the hypertension and hypertrophy that accompa- 
nied infrarenal aorta banding. An alteration in cor- 
onary artery permeability may be responsible for 
the perivascular fibrosis that is not seen with cap- 
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topril pretreatment. Thus in RHT, the hemodynam- 
ic status of the ventricle determines myocyte hyper- 
trophy while the elevation in circulating angiotensin 
Il is responsible for the remodeling of nonmyocyte 
compartments, including the appearance of myo- 
cardial fibrosis. Pathologic hypertrophy and heart 
failure in RHT are therefore the result of primary 
events that occur within the interstitial and vascu- 
lar compartments of the myocardium. 

(Am J Cardiol 1990;65:1G-7G) 


tor that most strongly correlates with the appear- 

ance of symptomatic heart failure.! This is particu- 
larly the case in patients with hypertension. The hypertro- 
phic remodeling of the muscular, vascular and collage- 
nous compartments of the myocardium, which initially 
may be adaptive, ultimately becomes pathologic for rea- 
sons that have not yet been fully elucidated. Nevertheless, 
it seems safe to assume that the origins of heart failure 
would reside in a pathologic remodeling of these compart- 
ments. In recent years it has also become evident that a 
heterogeneity in compartment remodeling is seen in the 
hypertrophy associated with various disease states.? De- 
spite a similar increment in myocardial mass or hypertro- 
phy, based on myocyte growth and greater myocyte size,” 
the volume of myocardium occupied by fibrillar collagen 
is either normal or increased. For example, in the volume 
overload hypertrophy seen with anemia,* arteriovenous 
fistula? or atrial septal defect,° or with hyperthyroidism,’ 
myocardial collagen concentration remains normal while 
in aortic regurgitation it is increased.?? In contrast, in the 
pressure overload hypertrophy seen with aortic!0-!4 or 
pulmonary artery stenosis, renovascular'® *! or genet- 
ic?!-24 hypertension collagen volume fraction is increased 
while with nonrenovascular hypertension, created by in- 
frarenal aorta banding, it remains normal.?? Differences 
in the extent to which intramyocardial coronary arteries 
are remodeled could also be cited.!?2!26-2? Thus, it is 
likely that in addition to the factors responsible for myo- 


| eft ventricular hypertrophy (LVH) is the risk fac- 
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cyte growth, hypertrophy involves the remodeling of non- 
myocyte compartments that is based on separate regula- 
tory mechanisms.?2?5303! The elucidation of these various 
compartmental controls is of interest since the structural 
remodeling of the interstitium and coronary vasculature 
will have profound adverse effects on the mechanical 
behavior, growth and nutrition of myocytes.?? 

We would therefore suggest that it is no longer appro- 
priate to simply refer to LVH in terms of the hemody- 
namic status of the ventricle (e.g., pressure or volume 
overload hypertrophy). Instead, one must indicate the 
etiologic basis of hypertrophy, as well as identify, wherev- 
er possible, the activation of circulating hormones (e.g., 
angiotensin). The latter is particularly important because 
nonhemodynamic factors are contributory to the remod- 
eling of nonmyocyte compartments and thereby can 
themselves be responsible for the appearance of patholog- 
ic hypertrophy. These issues are illustrated by consider- 
ing the remodeling of the fibrillar collagen matrix in the 
hypertrophied myocardium associated with renovascular 
hypertension (RHT). In RHT it has been proposed that 
the disproportionate accumulation of interstitial and peri- 
vascular collagen accounts for pathologic hypertrophy.?? 
The objective of this report is to review our studies of 
myocardial remodeling in RHT as well as complementa- 
ry studies on RHT found in published reports. 
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RENOVASCULAR HYPERTENSION AND 
MYOCARDIAL REMODELING 

Experimental models of renovascular hypertension: 
RHT is defined as that circumstance in which renal isch- 
emia leads to an activation of the renin-angiotensin sys- 
tem and arterial hypertension. Data derived from several 
models of RHT in the rat include abdominal aorta band- 
ing with right renal ischemia,!5-?? coarctation of 1 renal 
artery,?16172133 glomerular sclerosis secondary to micro- 
sphere embolization?* and suprarenal abdominal aorta 
banding.?*-?? Both kidneys remain intact in each model. 
Findings obtained in these models have been compared 
with control hearts. Additional information, obtained in 
animals receiving a nonhypertensive dose of angiotensin 
II (AII) from an osmotic minipump implanted in the 
peritoneal space, or animals where the abdominal aorta 
was banded below the renal arteries to serve as a nonreno- 
vascular model of experimental hypertension,25 will also 
be presented. 

Evolutionary phase of hypertrophy: Day 1 to 7: An 
increment in left ventricular mass occurs within the first 
week after suprarenal abdominal aorta banding.35-39 This 
hypertrophy is the result of a 50% increase in cardiac 
myocyte transverse area and is mediated by a greater 
number of myofibrils that now appear across the cell? 
The protooncogenes c-myc and c-fos are induced within 
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hours after suprarenal aorta banding.*® The hypertrophic 
growth of cardiac myocytes that follows may be attribut- 
ed to the pressure overload created by the coarctation. 
However, the elevation in circulating AI and AII may 
also be contributory in that the angiotensins can stimu- 
late deoxyribonucleic acid synthesis. Myocyte size may 
also be ultimately influenced by the enhanced collagen 
synthesis that has been observed on days 2 and 3 in this 
model? since pretreatment of banded rats with digitoxin, 
a sodium-potassium adenosine triphosphate inhibitor, 
markedly reduced both the degree of hypertrophy and the 
expected elevation in collagen synthesis.?6 Finally, an ele- 
vation in myocyte loading that follows cell necrosis must 
also be considered as contributing to overall ventricular 
hypertrophy. 

Using antimyosin antibody labeling and immunofluo- 
rescence, we observed myocyte necrosis on day 1 after 
aorta banding with right renal ischemia.?? The necrosis 
was followed by fibroblast proliferation on day 2. Both 
the necrosis and fibroplasia could be prevented by pre- 
treating animals before banding with the angiotensin- 
converting enzyme inhibitor captopril. The pressure over- 
load itself was shown not to be contributory to cell death. 
A nonhypertensive intraperitoneal dose of AII caused 
necrosis,*> whereas neither necrosis nor fibroblast prolif- 
eration was seen in the rat with infrarenal aorta banding 
despite a comparable degree of hypertension and hyper- 
trophy. Thus circulating AII, not the hemodynamic state 
of the ventricle or arterial circulation, was responsible for 
mediating these events. The amount of necrosis, however, 
would not appear to be large. A morphometric assess- 
ment of myocyte number at 1 week of RHT gave no 
statistical evidence of a difference in the total population 
of myocytes from control.?? In addition, the duration of 
the reparative response was short-lived relative to that 
seen with more pronounced degrees of myocardial inju- 
ry,*! whereas no foci of reparative fibrosis were evident in 
random sections. !8-3? 

Type I and type III collagens are the major fibrillar 
collagens of the myocardium.^^^ The message to these 
fibrillar collagens is contained in cardiac fibroblasts not 
myocytes.^^^* By Northern analysis, Eghbali’s laborato- 
ry^6 found the messenger ribonucleic acid (mRNA) to 
type I collagen to be expressed within the first week of 
RHT. On day 3, the levels of type I collagen mRNA were 
greatest and were still elevated over control on day 7. 

Week I to 4: The degree of hypertension and hyper- 
trophy stabilize over the first several weeks, where they 
remain for months.** Collagen synthesis, on the other 
hand, remains elevated during the first several weeks of 
RHT.*> Given that myocyte growth occurred earlier and 
was more pronounced, myocardial collagen concentra- 
tion initially declines, but the sustained elevation in colla- 
gen synthesis leads to an increase in collagen concentra- 
tion by week 4. 

The elevation in collagen volume fraction seen at 4 
weeks consists of an interstitial fibrosis.!*^9 Existing col- 
lagen fibers have become larger,*’ whereas intermuscular 
spaces, previously devoid of connective tissue, now con- 
tain fibrillar collagen.!5?? An abnormal accumulation of 
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FIGURE 2. Systolic and diastolic stress-strain relations for the 
left ventricle. The linear systolic stress-strain relation is ob- 
tained in the isovolumetrically beating ventricle; its slope rep- 
resents active stiffness, or the stress-generating capability of 
the ventricle for a given contractile state. The diastolic stress- 
strain relation, representing passive stiffness, becomes curvi- 
linear at larger strains or filling volumes. Midwall circumferen- 
tial length (L) is normalized to the unstretched length (Lo) 
measured at zero filling pressure. The stroke volume (SV) of 
the ejecting ventricle is determined by the boundaries of the 
systolic and diastolic stress-strain relations. Superimposed on 
the stress-strain relations for the normal ventricle are those 
for the hypertrophied left ventricle seen during the early and 
late established phases of hypertrophy (left and right panels, 
respectively). The moderate increase in myocardial fibrosis, 
seen with the early established phase of hypertrophy, leads to 
an increase in active and passive stiffness. This serves to pre- 
serve SV at the expense of a greater diastolic stiffness, partic- 
ularly at higher filling volumes. When fibrosis has become 
marked, systolic stiffness declines while passive stiffness is in- 
creased further. In this case, systolic and diastolic dysfunction 
of the ventricle appear, characterized by a reduction in SV for 
any given filling volume (i.e., ejection fraction decreases). This 
in turn will lead to ventricular dilatation. Furthermore, end- 
diastolic pressure is increased for any given filling volume. 
These are the hemodynamic features of left ventricular failure. 
(Reproduced with permission from Weber KT, Jalil JE, Janicki 
JS, Pick R. Myocardial collagen remodeling in pressure over- 
load hypertrophy: a case for interstitial disease. Am J Hyper- 
tens 1989;2:931-940.) 


collagen around intramural coronary arteries is also evi- 
dent.'? Each of these expressions of myocardial fibrosis 
are considered a reactive process that does not require 
myocyte necrosis. 

A wound healing-like process that includes enhanced 
coronary permeability,^5-?? interstitial edema!848 with a 
disruption of collagen fibers,!* and a decrease in the nor- 
mal type I to type III collagen ratio, may precede this 
reactive fibrosis. This early aspect of myocardial remod- 
eling needs to be more fully explored. 

Early established phase of hypertrophy: Week 6 to 
12: The perivascular and interstitial fibrosis of the myo- 
cardium (Fig. 1) are now evident. Throughout the myo- 
cardium collagen volume fraction has increased several- 
fold from its normal level (3 to 4%) to 6 to 8%.!18-20 This 
"collagenosis" consists of an increase in type I collagen.*> 
Normal perimysial collagen fibers now appear thicker,” 
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FIGURE 3. A region of endomyocardial fibrosis (arrow) is 
seen in the hypertrophied rat left ventricle after 12 weeks of 
renovascular hypertension. Viable myocytes adjacent to the 
reparative fibrosis are surrounded by septa of collagen fibers 
that anchor the fibrous tissue to the myocardium. (Picrosirius 
red stain, original magnification X 40, reduced by 38%.) 


while newly found perimysial fibers are seen in a greater 
number of intermuscular spaces.!5:2094 Septa of collagen 
radiate outward from their perivascular location to sepa- 
rate rows of neighboring myocytes from one another cre- 
ating a streaky-appearing fibrosis.?! 

In pretreating rats with captopril before inducing 
RHT, we have been able to largely prevent the appear- 
ance of this interstitial and perivascular fibrosis.?! This 
suggests that AII is involved in the remodeling of the 
interstitial and vascular compartments in RHT. To ex- 
amine the role of arterial hypertension alone, we exam- 
ined the hypertrophic remodeling process seen in the rat 
with an infrarenal aorta band. For a comparable eleva- 
tion in arterial pressure and degree of LVH as that seen 
with RHT, the interstitial and perivascular fibrosis was 
absent in the infrarenal band model? Based on these 
findings, as well as those presented earlier on AII-induced 
myocyte necrosis, it is tentatively concluded that circulat- 
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ing AII, and not the hemodynamic status of the ventricle, 
is responsible for the adverse remodeling of the myocardi- 
um in RHT. Should the mechanical behavior of the myo- 
cardium be adversely influenced by the remodeling of its 
interstitium, than one would begin to have an explanation 
for the appearance of pathologic hypertrophy. This would 
contrast with the hypertrophic process that accompanies 
the transient hemodynamic overload of isometric exercise 
training,?? but which is not likely to involve a persistent 
elevation of “growth factors" like circulating AII or ele- 
vation to a level comparable to that seen in RHT. 
With the accumulation of interstitial collagen in the 
early established phase of hypertrophy in RHT, both the 
diastolic and systolic stress-strain relations of the left 
ventricle!52? are increased (Fig. 2, left). In deriving these 
stress-strain relations, one is normalizing for differences 
in ventricular size and myocardial mass, and thus the 
abnormalities in diastolic and systolic stiffness cannot be 
ascribed to alterations in ventricular geometry or the 
presence of hypertrophy. We have not found a major shift 
in myosin isoforms in our model of RHT.!? Abnormal 
stiffness found in isolated cardiac muscle?! taken from 
rats with RHT further supports the role of fibrous tissue 
as responsible for this pathologic remodeling of the myo- 
cardium. In an unrelated but relevant study, Bing et al>? 
found that in preventing collagen cross-linking with a 
lathyrogen, the passive stiffness of hypertrophied cardiac 
tissue was not increased in the presence of fibrosis. At this 
point in time, passive stiffness for the ventricle is in- 
creased only at larger strains (Fig. 2, left), such as would 
become evident with the increased venous return seen 
during isotonic exercise>* or exogenous fluid administra- 
tion.!ó The concordant increment in active stiffness serves 
to preserve ventricular systolic function. By preventing 
the perivascular and interstitial fibrosis with captopril, 
the increment in end-diastolic stiffness was not ob- 
served.?! This again supports the important role that col- 
lagen plays in creating abnormal myocardial stiffness. In 





GURE 4. Scanning electron microscopy. Left panel, within the endomyocardium myocytes bordering on regions of reparative 


fibrosis are seen to be surrounded by a meshwork of fibrillar collagen. (Original magnification X 2000, reduced by 3496.) (Re- 
produced with permission of The American Heart Association, Inc.59) This encasement of myocytes reduces their length-depen- 
dent force generation. In turn, this reduction in work load leads to a decline in myocyte size. Right panel, atrophic myocytes in 
the endomyocardium are seen in a region of loose connective tissue and myocyte loss. (Original magnification X 200, reduced by 


38%.) 
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FIGURE 5. The competence/progression model for cardiac fibroblasts. Representation of the cardiac interstitium and its popula- 
tion of cardiac fibroblasts, adrenergic nerve endings, and capillaries that contain platelets and circulating hormones. According 


to this theoretical model of the regulatory mechanisms involved in fibroblast proliferation, fibroblasts may be 


surround- 


ed by progression factors, such as insulin-like growth factor (insulin) and epidermal growth factor (EGF). It is not until there is 


“injury” (e.g., loss of endothelial cell integrity or an increase in myocardial i 


ine [NE] release) that competence fac- 


tors, such as platelet-derived growth factor (PDGF), norepinephrine, and angiotensin Il (All) become available. Competent cells 


are now able to proliferate in response to progression factors. 


obtaining these stress-strain relations by the incremental 
distention of the left ventricle over the filling pressure 
range of 0 to 25 mm Hg, we were also able to assess its 
size. At this juncture diastolic volume in RHT was found 
to be no different from that in control. 

After removing the ischemic kidney or using captopril 
to normalize arterial pressure 6 weeks after RHT, other 
investigators!" have found a regression in left ventricular 
weight 4 weeks later while myocardial collagen concen- 
tration had increased. This is not unexpected given the 
stability of collagen (half life 80 to 120 days).5556 We 
would expect that under these circumstances the regres- 
sion of LVH would be associated with an adverse eleva- 
tion in myocardial stiffness. 

Established phase of hypertrophy: Week 12 to 16: In 
RHT, myocardial fibrosis is a progressive process?!" 
(Fig. 1). Perivascular collagen septa have become more 
extensive giving the myocardium a lobulated appearance. 
Myocytes immediately adjacent to the perivascular fibro- 
sis have been enveloped by fibrillar collagen while areas 
of endomyocardial fibrosis are now evident (Fig. 3). Jalil 
et al°® found that myocytes in the endomyocardium that 
are encircled by a meshwork of fibrillar collagen (Fig. 4, 
left) become smaller over time. The extent of this atrophy 
is related to the position of myocytes within the fibrous 
tissue reaction; those encased within fibrillar collagen 
become quite small (Fig. 4, right) and may eventually 
disappear leaving the myocardium with foci of coalescent 


collagen fibers that resemble a reparative fibrosis. This 
confounds the analysis of whether cell necrosis has oc- 
curred. The collagen specific stain, Sirius Red F3BA, 
however, can be used to distinguish collagen fiber assem- 
bly and to differentiate a reactive and reparative fibro- 
sis.?^9* Myocytes situated more distant to the reparative 
fibrosis may be excessively loaded by the in-series addi- 
tion of inelastic collagen?^ and by the loss of myocytes and 
therefore will hypertrophy.??^? Thus, it is the location, 
alignment and configuration of collagen fibers relative to 
myocytes that determine myocyte loading and thereby 
cell size, as well as the overall mechanical behavior of the 
myocardium. A determination of hydroxyproline concen- 
tration or collagen volume fraction will therefore be inad- 
equate to assess structure-function relations. 

The atrophy of myocytes and an accumulation of 
collagen within the endomyocardium can each lead to a 
decline in systolic stiffness.??58 Once systolic stiffness 
decreases, the requisite setting for the appearance of ven- 
tricular systolic dysfunction (e.g., depressed ejection frac- 
tion) is in place (Fig. 2, right). Passive stiffness with 
endomyocardial fibrosis is now markedly abnormal even 
at smaller strains and filling volumes.?? 

Late established phase of hypertrophy: Week 32: 
Nearly 20% of the myocardium is now occupied by con- 
nective tissue; this represents a ninefold increase over 
control? Late in established LVH, the distribution of 
collagen favors the endomyocardium occupying 25% of 
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its area. The percent fibrosis of the midwall and epimyo- 
cardium is also increased severalfold, but not to the extent 
that is now present in the endomyocardium. This endo- 
myocardial fibrosis includes foci of replacement (repara- 
tive) scarring. 

The explanation for this preferential endomyocardial 
fibrosis is unclear. Factors to be considered include 
the progressive remodeling of intramyocardial coronary 
arteries, particularly the perivascular fibrosis, which may 
serve to compromise coronary vasomotor reactivity and 
subendocardial blood flow.9? Coronary vascular smooth 
muscle cell hypertrophy may also be present late in hy- 
pertrophy; this is not the case earlier in hypertension? 
Alternatively, an alteration in the structural integrity and 
permeability of the endothelial surface of the endocardi- 
um$! must be considered. 

In this late phase of established hypertrophy in RHT, 
Capasso et al?? found both diastolic and systolic dysfunc- 
tion of the rat left ventricle together with ventricular 
chamber dilatation, a thinning of the myocardium and a 
decrease in left ventricular weight. Previous arterial hy- 
pertension was no longer evident. Heart failure was now 
present as evidenced by a fourfold increase in left ventric- 
ular end-diastolic pressure (exceeding 20 mm Hg) and a 
decline in cardiac output and ejection fraction to one-half 
of their normal values. 


POTENTIAL PATHOGENETIC MECHANISMS 

From the evidence presented, the progressive myocar- 
dial fibrosis in RHT is likely to have a multifactorial 
basis. Myocyte necrosis, followed by reparative fibroblast 
proliferation, is contributory to the early remodeling of 
the myocardium in RHT. Both the exogenous adminis- 
tration of AII and pathophysiologic elevations in AII that 
initially accompany RHT were found to cause myocyte 
necrosis followed by a reparative proliferation of fibro- 
blasts.” The plasma concentration of AII was compara- 
ble in each case. Neither necrosis nor fibroblast prolifera- 
tion were seen when captopril was given before RHT. 
Late in established hypertrophy myocyte necrosis may 
again appear, particularly in the endomyocardium. This 
may be the result of (1) compromised coronary blood 
flow, mediated by perivascular fibrosis or a strangulation 
of intramyocardial coronary arteries;?? and (2) an eleva- 
tion in circulating AII that is an expected response to the 
appearance of heart failure and impaired systemic blood 
flow. The progressive atrophy and disappearance of myo- 
cytes secondary to their encasement by fibrillar collagen, 
may confound the analysis of necrosis by morphologic 
methods. 

A reactive fibrosis involving the interstitium and in- 
tramural coronary arteries occurs in the early established 
phase of hypertrophy. The mechanisms involved in the 
fibrosis of the interstitial and vascular compartments in 
RHT would also appear to be related to circulating AII. 
Previous morphologic studies have shown an increased 
permeability of intramyocardial coronary arteries and 
arterioles to intravascular tracers, platelets and fibrin in 
RHT* and after hypertensive doses of intravenous AII.^? 
This permeability was thought to be mediated by endo- 
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thelial cell contraction induced by AII. Physiologic stud- 
ies of cardiac lymph indicate an increased permeability of 
the coronary vasculature in RHT.^? Captopril pretreat- 
ment prevents the interstitial fibrosis and perivascular 
fibrosis of intramural vessels of the myocardium in RHT. 
Whether captopril was able to prevent enhanced coro- 
nary vascular permeability is unclear, but it has previous- 
ly been found to prevent the remodeling of the pulmonary 
circulation after endothelial cell injury by monocrota- 
line’? and the abnormal permeability of the cutaneous 
vasculature after the administration of serotonin or bra- 
dykinin.9? Finally, angiotensin itself will invoke a prolifer- 
ation of fibroblasts maintained in culture.®* 

The contribution of the vascular renin-angiotensin 
system in the remodeling of the interstitial and vascular 
compartments in RHT cannot be discounted, particular- 
ly because it is now known that the mRNA to angioten- 
sinogen is located in adipocytes and cardiac fibroblasts 
that surround the aorta® and perhaps its coronary arter- 
ies as well. 

In considering cardiac fibroblast proliferation, these 
normally quiescent cells, residing in the interstitium and 
around intramural vessels, must be recruited back into 
the cell cycle.?? An interaction of one or more mitogenic 
agents, or growth factors, with cell surface receptors is 
likely to be essential to the regulation of cardiac fibroblast 
proliferation. Growth factors normally reside within 
(e.g., transforming growth factor 8) or gain access to 
(e.g., platelet-derived growth factor) the interstitium. 
Cells in their Go, or quiescent state, may be normally 
exposed to progression factors (Fig. 5). It is not until the 
addition of one or more competence factors, like platelet- 
derived growth factor, that their capacity for prolifera- 
tion is realized. Platelet-derived growth factor makes 
these cells competent to respond to progression factors, 
such as epidermal growth factor, somatomedin C (insu- 
lin-like growth factor) and transforming growth factor 8, 
which recently has been localized to intramyocardial cor- 
onary arteries.?6 Therefore, it is not until injury occurs 
(e.g., myocyte necrosis or loss of endothelial cell integrity 
mediated by circulating AIT) that cardiac fibroblasts be- 
come competent. 
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Dynamic Calcium Requirements for Activation of 
Rabbit Papillary Muscle Calculated from 
Tension-Independent Heat 


Edward M. Blanchard, PhD, Louis A. Mulieri, PhD, and Norman R. Alpert, PhD, MD 


The heat generated by right ventricular papillary 
muscles of rabbits was measured after adenosine 
triphosphate (ATP) splitting by the contractile pro- 
teins was chemically inhibited. This tension-inde- 
pendent heat (TIH) (1 mJ/g wet weight) was used 
to calculate the total calcium (Ca) cycled in a mus- 
cle twitch by assuming that 87% of TIH was due to 
Ca?* transport by the sarcoplasmic reticulum with 
a coupling ratio of 2 Ca2*/ATP split; the enthalpy 
of creatine phosphate hydrolysis buffering ATP 
was taken as —34 KJ/mol. The estimated Ca turn- 
over per muscle twitch at 21°C, 0.2 Hz pacing rate, 
and 2.5 mM Ca in the Krebs solution was ~50 
nmol/g wet weight. There was a tight positive cor- 
relation between TIH and mechanical activation 
during steady-state measurements but no correla- 
tion during the sharp increase in mechanical activa- 
tion (treppe) when stimulation was resumed after a 
rest period. It is suggested that while total Ca cy- 
cling remains unchanged during the initial period of 
tension treppe, the free Ca?* transient and me- 
chanical activation increase sharply due to resatu- 
ration of high affinity Ca?* buffers, other than tro- 
ponin C, depleted of Ca?* during the rest period. 
(Am J Cardiol 1990;65:8G-11G) 
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the release of calcium ions (Ca?*) into the myo- 

plasm increasing the free Ca?* concentration to 
levels that cause the myofilaments to shorten or generate 
force. The peak free Ca?* concentration and degree of 
filament activation achieved is the result of a dynamic 
interaction among (1) the total amount of Ca?* released, 
(2) all the intracellular Ca?* buffers exchanging Ca?* on 
the time scale (hundreds of milliseconds) of the muscle 
twitch, and (3) the rate of Ca?* removal from the cytosol. 
Thus, a complete description of the total Ca?* require- 
ments for mechanical activation requires information 
about the concentrations, equilibrium-binding constants 
for Ca?*, and the rates of Ca?* exchange for the physio- 
logically relevant buffers and pumps. Early determina- 
tions of the steady-state Ca?* binding characteristics of 
myofibrils yielded the estimate that «90 nmol-bound 
Ca?* /g wet weight is required (mostly to troponin C) to 
fully activate the contractile proteins.! Subsequent rapid 
kinetic measurements revealed that two-thirds of the tro- 
ponin C sites (Ca?* -Mg?*, 2 mol/mol) exchanged Ca?* 
too slowly to be physiologically significant buffers on the 
time scale of the cardiac twitch,” suggesting that perhaps 
only «30 nmol Ca?*/g cycled per twitch might be re- 
quired to fully activate the myofibrils. Fabiato ? estimat- 
ed the total Ca?* required to achieve 70% activation to be 
257 nmol Ca?* /g by including intracellular binding sites 
such as external sites on sarcoplasmic reticulum in the 
analysis. The relevance of this estimate to Ca flux during 
a twitch, however, has to be questioned without the kinet- 
ic analysis available for the myofibrillar sites. 

We have taken a different biophysical approach to 
evaluating dynamic Ca?* buffering by measuring the 
heat generated by the muscle after adenosine triphos- 
phate (ATP) splitting by the contractile proteins is chem- 
ically inhibited. We assume that this tension-independent 
heat (TIH) is the thermal equivalent of Ca?* cycling and 
is generated from ATP splitting primarily by the sarco- 
plasmic reticulum (SR) Ca?*-ATPase when Ca?* is se- 
questered to allow activated myofilament to relax. Our 
results indicate the Ca?^* cycling per twitch during 
steady-state pacing of rabbit papillary muscle with condi- 
tions that produce 250946 myofibrillar activation is ~50 
nmol/g—a reasonable match with Fabiato's calcula- 
tions. Surprisingly, the estimated Ca?* cycling remained 
unchanged during the sharp increase in isometric twitch 
tension (treppe) on resumption of pacing after a rest 
period. 


Hi stimulation of cardiac muscle initiates 
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FIGURE 1. Tension-independent temperature (inset) and heat records corrected for heat loss for the first and twentieth twitch in 


the treppe period after a 45-minute rest period 


METHODS 

Rabbits (weighing 2 kg) were stunned and the hearts 
removed for dissection of thin (average cross-sectional 
area = 0.55 mm?) papillary muscles. Muscles were 
mounted vertically against the thermopile^ with silk liga- 
tures. After initial equilibration in a Krebs-Ringer solu- 
tion (21°C, 0.2 Hz pacing), muscles were stretched to the 
optimal length for isometric force production. Details of 
the calculation of muscle cross section, force transducer, 
thermopile and heat analysis have been recently pub- 
lished.’ Briefly, the temperature difference between the 
evolving temperature record and the falling baseline that 
would have occurred if stimulation had ceased after the 
previous twitch was corrected for heat loss by the single 
time constant method of Hill.9 The temperature record 
corrected for heat loss was multiplied by the heat loss 
coefficient, the cool-off time constant (““Joule” heating), 
and the thermal capacity of the muscle and adhering 
solution to convert temperature to heat (mJ/g wet weight 
of tissue). An example of tension-independent tempera- 
ture and heat records for the first and twentieth twitches 
in the treppe period after a rest period is shown in Fig- 
ure 1. 

We converted TIH (mJ/g) to Ca?* cycled in the 
following way: nmol Ca?* cycled/g = TIH (mJ/g) X 1/ 
Hpc; X SR C2?* / ATP coupling ratio where the enthalpy 
of creatine phosphate hydrolysis (Hpc;) = —34 KJ/mol* 





and the SR coupling ratio = 2 Ca?* /ATP.? We use phos- 
phocreatine enthalpy because adenosine diphosphate is 
probably rapidly rephosphorylated to ATP by the Loh- 
mann reaction. TIH values were reduced by 13% before 
conversion to Ca?* cycled to take into account minimal 
estimates of the energetic cost of Na pumping associated 
with the action potential.!? 

Solutions: Krebs-Ringer solution contained in mM 
was used: Nat, 152; Kt, 3.6; Cl=, 135; HCO;~, 25; 
Mg?*, 0.6; H;PO, ^, 1.3; SO,, 0.6; Ca?*, 2.5; glucose 
5.6. Solutions were gassed with 95% O;-596 CO». TIH 
was obtained by inhibiting tension with a Krebs solution 
containing 5 mM 2,3-butanedione monoxime (BDM) 
and 362 mM mannitol (2.1 X normal tonicity).? 


RESULTS 

Steady state: To obtain the relation between TIH and 
mechanical output in the steady state, 2 interventions 
likely to unload the SR and cause lower levels of mechani- 
cal activation were used. Muscle length was reduced from 
the optimal length for tension production (Lo) to 0.9 and 
0.8 Lo and pacing frequency reduced from the control 
rate (0.2 Hz) to 0.017 Hz. The results are shown in 
Figure 2. TIH (1 mJ/g) and the integral of tension (48 
mN:s/mm^?) were reduced by 22 + 4% and 52 + 3% 
(relative to control) at 0.9 Lo and 34 + 4% and 18 + 3% 
at 0.8 Lo (n = 5). Pacing at 0.017 Hz reduced TIH and 
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Tension-Time Integral (% con) 


Tension Independent Heat (%con) 


FIGURE 2. The relation between tension-independent heat 
(TIH) and tension-time integral obtained by reducing muscle 
length below L, (C,D) and by lengthening the interval between 
stimuli to 60 seconds (B). All data points are normalized rela- 
tive to the control (con) TIH values (1 mJ/g, open circles) mea- 
sured with 0.2 Hz pacing at L,. The straight line was ob- 
tained by linear regression (y = 2.38x—137.11). The effect of 
a 45-minute rest period on TIH tension integral (open circles) 
for the first 10 twitches in the treppe are also shown. 


Degree of Activation (96 max) 


12 24 36 48 60 


Total Calcium (nmol/g wet weight) 


FIGURE 3. Calcium (Ca) requirements for myofibrillar activa- 
tion estimated from equilibrium Ca?*-binding data for intracel- 
lular buffers (closed circles)? and from the steady-state (0.2 
Hz) relation between tension-independent heat (TIH) and peak- 
twitch tension obtained in the same experiments described in 
Figure 2 (open circles). Correction of TIH for the heat due to 
electrical excitation, conversion of TIH to calcium cycled, and 
the estimation of the degree of activation of our papillary mus- 
cles are described in the text. Straight lines were calculated 
by linear regression (y = 1.69x + 23.10, closed circles; 

y = 2.27x + 62.80, open circles). 
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at 0.8 Lo (n = 5). Pacing at 0.017 Hz reduced TIH and 
tension integral by 35 + 4% and 33 + 4%, respectively 
(n = 6). Figure 2 shows that TIH and tension integral are 
highly correlated (r = 0.97) for steady-state measure- 
ments. 

Non-steady state: An additional intervention was 
used that produces a beat-to-beat change in the inotropic 
state of most mammalian ventricular preparations. When 
steady pacing is interrupted by a long rest period (45 
minutes in our experiments), tension of the first twitch on 
resumption of stimulation is much smaller than the 
steady-state value and grows dramatically with each of 
the next twitches.!! TIH and tension integral were mea- 
sured during this tension treppe and showed (Fig. 2) that, 
although TIH for the first twitch is only 7096 of control, 
there is no increase in TIH accompanying the dramatic 
increase in twitch tension integral during the next 9 
twitches. 

Calculated calcium cycling: Steady-state TIH values 
for control, reduced length and reduced pacing frequency 
conditions were converted into total Ca?* cycled as de- 
scribed in the Methods section and the results are shown 
in Figure 3. 

To compare our data (Fig. 3, open circles) with the 
predictions calculated by Fabiato (Fig. 3, closed circles)? 
we estimated the degree of activation of our muscles. We 
used the ratio of peak twitch tension of our muscles (62 
mN/mm7), corrected for the 18% of cross section not 
cellular? to the maximal tension developed by rabbit 
cardiac cells during full activation after chemical skin- 
ning (114 mN/mm"?)?? to arrive at 54% activation. We 
then plotted Fabiato's data on these coordinates by multi- 
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FIGURE 4. Representation of a plausible mechanism for force 
reduction by the 5 mM 2,3-butanedione monoxime (BDM)-2.1 
X N hypertonicity Krebs solution. Solid line is the force pCa 
relation (control) taken from Kentish.!5 Dashed line is the 
force pCa (negative log of [Ca?*]) relation (A, relative) showing 
only the expected shift in Ca?* sensitivity caused by 5 mM 
BDM"!^ and by double the intracellular ionic strength.!? Dotted 
line is the force pCa relation (B, absolute) predicting the com- 
bined effects of decreasing Ca?* sensitivity and direct inhibito- 
ry effects on Ca?*-saturated contractile activity (12 and 62% 
inhibition for BDM and high ionic strength, respectively). 
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plying total Ca?* in moles X 17! cell water by 0.4 to 
convert to nmol/g wet weight. Despite the differences 
between Fabiato’s and our approaches, the estimates are 
very similar with slopes of 1.69 and 2.27 for Fabiato and 
TIH, respectively. The discrepancy between the 2 esti- 
mates along the X axis is most likely one of the following: 
(1) use of the inappropriate constants in the conversion of 
TIH to Ca?* cyled; (2) a contribution to dynamic intra- 
cellular Ca?* buffering by partial exchange of Ca?* with 
the high affinity Ca?*- Mg?* sites of troponin C not in- 
cluded in the Fabiato data; and (3) the presence of an as 
yet undefined Ca?* buffer that would shift the Fabiato 
relation to the right. 

We favor the second choice because the percent satu- 
ration of the high affinity troponin C sites will probably 
oscillate by more than 15% during 0.2 Hz pacing? 


DISCUSSION 

The chemical partitioning method used in these ex- 
periments eliminated 98% of twitch tension and allowed 
us to measure a heat signal, TIH, that we interpret in 
terms of the dynamic Ca?* requirements for mechanical 
activation. A likely mechanism for the action of BDM 
and increased tonicity is shown schematically in Figure 4. 
The dotted line (B) predicts the tension-pCa (negative log 
of [Ca?*]) relation of the cardiac contractile apparatus in 
the presence of 5 mM BDM and double the normal 
intracellular ionic strength. The individual effects of 
. BDM and ionic strength are taken from Li et al!^ and 
Kentish.'? This scheme predicts that the effectiveness of 
the BDM-mannitol partitioning solution in eliminating 
tension-dependent heat will vary with the degree of Ca?* 
activation among muscles of a particular species and 
among species. 

Our estimate of the total Ca?* required to modulate 
mechanical activation over a physiologically relevant 
range agrees closely with Fabiato's? calculation but con- 
trasts with much higher estimates derived from TIH 
measurements by Gibbs et al (2 X higher)!5 and from 
determination of the passive Ca?*-buffering capacity of 
rabbit ventricular homogenates (3 to 5 X higher). We 
have recently provided a quantitative test of the validity 
of our TIH measurements? which support the lower val- 
ues of Ca?* buffering. 
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The discrepancy between the positive correlation be- 
tween TIH and mechanical output for steady-state mea- 
surements and the lack of correlation between these pa- 
rameters during tension treppe was surprising since a 
widely held view expects total Ca?* cycling to increase in 
proportion to filament activation as the SR content in- 
creases with stimulation after the rest period. We offer an 
alternative hypothesis, that total Ca?* cycling remains 
largely unchanged during the initial period of treppe but 
that competition between the force-regulating site of tro- 
ponin C and other buffers with higher affinity and slow 
exchange properties favor the latter buffers until they fill 
to an extent that changes negligibly form beat to beat in 
the steady state. 
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Morphologic Characteristics and Functional 


Significance of Focal Fibromuscular 
Dysplasia of Small Coronary Arteries 


Thomas N. James, MD 


Focal fibromuscular dysplasia of small coronary 
arteries is not so rare as it is unrecognized. Al- 
though sometimes occurring as an isolated abnor- 
mality, it more often accompanies a variety of other 
lesions including inflammation or infiltration. In this 
review based on personal study of over 1,000 hu- 
man hearts, the 3 topics include a description of 
the morphologic characteristics of the lesion, a dis- 
cussion of its functional consequences affecting 
coronary flow, and an iteration of theoretical expla- 
nations for its development. The typical lesion is fo- 
cal in distribution, is comprised of both fibrous and 
smooth muscle elements, and the histologic organi- 
zation is one of dysplastic array. Included among 
the subjects discussed in functional consequences 
are coronary spasm, coronary reserve, chest pain, 
electrical instability of the heart, and comments on 
the role of focal fibromuscular dysplasia of small 
coronary arteries in hypertension, myocardial hy- 
pertrophy and heart failure. Theories as to its de- 
velopment include primary faults of smooth muscle 
or collagen, and focal abnormalities of clotting or 
neurovascular relation, but it is likely that the cause 
is multifactorial. 

(Am J Cardiol 1990;65:12G-22G) 
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known in relation to the narrowing of 1 or both re- 
nal arteries! which often produces hypertension. 
But with growing attention to the more precise definition 
of arterial lesions it is now apparent that the same abnor- 
mality may also occur in the carotid,^ ^ mesenteric,’ ili- 
ac," coronary’ '! and other arteries in the body. It ap- 
pears likely that focal fibromuscular dysplasia will even- 
tually be recognized in virtually every vascular bed.!?-!* 
For some years there has been increasing awareness of 
the clinical significance of functional and morphologic 
abnormalities of the small arteries of the heart.!>->’ In my 
own studies,?*-?* it has become apparent that focal fibro- 
muscular dysplasia is one of the more frequently encoun- 
tered histologic abnormalities, and that some diseases are 
particularly associated with it. The 3 purposes of this 
review are to describe the histologic features and variable 
prevalence of focal fibromuscular dysplasia of small coro- 
nary arteries in several different illustrative diseases, to 
discuss the functional significance of these lesions, and to 
offer some hypotheses as to the development of this ab- 
normality. 


bs fibromuscular dysplasia is probably best 


METHODS 

During the past 30 years I have dissected and exam- 
ined histologically over 1,000 human hearts, primarily 
from cases of sudden unexpected death or from patients 
dying with diseases having distinct morphologic charac- 
teristics such as amyloidosis, hemachromatosis or various 
forms of arteritis. One consistent goal of those examina- 
tions has been the clinicopathologic correlation between 
findings in all elements of the conduction system of the 
heart and the clinical occurrence of arrhythmia, conduc- 
tion disturbances or sudden unexpected death. Details of 
the methods used have been reported.?5?6 

Because the sinus node artery and the atrioventricular 
(AV) node artery are both small, and because each of 
these is routinely sectioned at no more than 2-mm inter- 
vals, and are always examined in every heart, there is a 
unique opportunity to assess their structure fully and to 
compare the findings among a large number of different 
human hearts. Furthermore, the routine sections pre- 
pared for study of the sinus node always include several 
centimeters of adjacent atrial wall, while the routine sec- 
tions to examine the AV node and His bundle always 
include several adjacent centimeters of both the interatri- 
al and interventricular septa. For routine frontal plane 
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Usual BP 
(mm Hg) 


Age (yr) 
& Sex 








58, white man 180/120 


aorta 


71, white man 180/100 
72, white man 220/100 
68, white man 160/100 


58, black woman 284/184, 302/180 


* Archival cases from 1955 to 1965 (before most currently available therapy). 


= sinus node artery; thromb. = thrombosis. 


sections, the tissue of the interventricular septum always 
contains transverse cuts through multiple long septal 
branches of the left anterior descending artery, as well as 
the smaller number of the posterior descending artery’s 
- Shorter septal branches.’ Thus, there is an abundant 
sampling of both atrial and ventricular small coronary 
arteries, defined arbitrarily as those with external diame- 
ters of 0.1 to 1.0 mm. In most cases, additional samples of 
myocardium from the free walls of right and left ventri- 
cles are also examined. 

For the purposes of the present report, I examined the 
hearts of 9 patients who died with essential hypertension, 
the terminal event usually being congestive heart failure 
or a cerebrovascular accident or myocardial infarction. 
These 9 cases (Table I) were selected from archival files 
on the basis of hypertension being the principal clinical 
problem during life. All cases with diabetes mellitus, or 
with any systemic arterial diseases such as polyarteritis 
nodosa, rheumatic heart disease or syphilis were exclud- 
ed. For comparative purposes, 1 case of coarctation of the 
aorta?* and 3 cases of pheochromocytoma®® were reex- 
amined. 


MORPHOLOGIC CHARACTERISTICS OF 
FOCAL FIBROMUSCULAR DYSPLASIA 
OF SMALL CORONARY ARTERIES 

Definition: All 3 words are important for an accurate 
understanding of focal fibromuscular dysplasia. First, the 
abnormality is typically focal and rarely extends more 
than a few millimeters along the course of an artery. In 
small arteries it may be considerably less than 1 millime- 
ter in length but even then can cause marked reduction in 
luminal diameter at that point. Second, the elements of 
the lesion include both fibrous and muscular components, 
a mixture of collagen, fibroblasts and smooth muscle cells 


TABLE I Clinical and Pathologic Features of Nine Cases of Essential Hypertension* 






Cause of Death 


Dissecting aneurysm, 
Carcinoma, prostate 
Congestive failure & 
pneumonia 


Acute MI and rupt. IVS 


Cerebrovascular accident 


73, white man 200/100 Acute MI Medial fibrosis IVS aa. & AVNA, 2+: 
other aa. unremarkable 
49, white man 270/130 Congestive failure & Old recanalizing thromb. SNA; FFMD SNA & 
thromb. mesenteric RA aa. 1+; FFMD AVNA 2+; IVS & IAS aa. 
artery unremarkable 
64, white man 200/140 Congestive failure Minor medial fibrosis, SNA; other arteries 
unremarkable 
65, white man 210/110 Acute MI and rupt. IVS FFMD AVNA 2+; all other aa. unremarkable 


aa. = arteries; AVNA = atrioventricular node artery; BP = blood pressure; FFMD = focal fibromuscular dysplasia grading of FFMD ranged from minimal thickening of the tunica me- 
dia ({1+] to more than 90% narrowing of the lumen [4+]); IAS = interatrial septum; IVS = interventricular septum; MI = myocardial infarction; RA = right atrial; rupt. = ruptured; SNA 





Histopathology of Small 
Coronary Arteries 












FFMD 4+, AVNA; all other small aa. 
unremarkable 

FFMD AVNA and SNA, 1+; scattered fibrinoid 
necrosis. No other abnormalities small aa 

FFMD 2-3+ AVNA and SNA plus atrial aa.; 
ventricular aa. unremarkable 

FFMD AVNA 4+; FFMD SNA and IVS aa. 1+: 
other small aa. unremarkable 

FFMD SNA and RA aa., 4+; FFMD AVNA 2+: 

FFMD IAS & IVS aa., 1+; scattered 

fibrinoid necrosis 












































with variable irregular segments of elastic fibers. The 
typical lesion is often entirely within the tunica media and 
lies between relatively normal internal and external elas- 
tic laminae, but frequent variations include a partial or 
even predominant component of myointimal prolifera- 
tion. Third, the histologic organization of the lesion is so 
disorderly that it is best considered as a dysplastic pro- 
cess. 

The typical lesion: The usual dysplastic thickened tu- 
nica media lies between relatively normal internal and 
external elastic laminae (Fig. 1). But in many cases there 
is an additional or even predominant component of 
myointimal dysplastic thickening (Fig. 2). There is no 
inflammation within or around the artery, although fi- 
bromuscular dysplasia is sometimes a late sequella of 
arteritis. The endothelium at foci of fibromuscular dys- 
plasia is usually intact and thus not conducive to local 
thrombosis; however, in special cases mutiple foci of mi- 
crothrombi may be associated with fibromuscular dyspla- 
sia” as discussed later. There are no distinctive local 
neural lesions in association with focal fibromuscular dys- 
plasia, but this should not be interpreted as precluding the 
possibility of abnormal neural function locally. Most le- 
sions are only 1 or a few millimeters in length, yet any one 
of them could, of course, obstruct flow into the entire 
downstream segment of the artery, the remaining wall 
and lumen of which may be completely normal. In some 
diseases many profiles of small arteries seen in histologic 
sections exhibit focal fibromuscular dysplasia, with this 
being virtually the only histologic abnormality of small 
coronary arteries.9571.79,8283 [m other diseases,58-60.65- 
68,78.84.86,87,89.91.92 focal fibromuscular dysplasia is only 
one of a variety of arterial abnormalities, with some other 
lesions including arteritis, mural infiltration (e.g., amy- 
loid), thrombosis and intimal proliferation. 
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FIGURE 1. Focal fibromuscular dysplasia of the sinus node 
artery is shown here from the heart of a young athlete who 
died suddenly. A and B are photomicrographs from adjacent 
sections, with the stain in B being Verhoeff-van Gieson elastic 
and the one in A and all subsequent illustrations being the 
Goldner trichrome unless otherwise indicated. All of the fibro- 
muscular dysplasia here is confined between the internal and 
external elastic laminae, thus representing the tunica media. A 
small amount of intimal proliferation is additionally seen in B. 
All magnifications indicated with reference bars. 


importance of three-dimensional conceptualization: 
One approach to quantify the extent of lesions in small 
coronary disease is to examine a certain number of arter- 
ies (e.g., 100) encountered consecutively in a histologic 
slide. However, with this approach which is popularly 
used, one is not examining arteries, per se, but only thin 
sections of arteries. In the human heart, small coronary 
arteries are often 20 to 30 mm in length and some special 
ones such as the sinus node artery may be as much as 100 
mm long. Since the conventional histologic section is less 
than 10 u thick, it would require over 10,000 serial sec- 
tions to evaluate fully even one of the longer small coro- 
nary arteries. Furthermore, because a local obstruction 
by focal fibromuscular dysplasia may be as small as | mm 
in length but the lumen severely narrow at that point, 
finding such lesions is not easy. Thus, the presence of 5 or 
10% of luminal narrowing of lesions found in thin histo- 
logic sections by examining exclusively 2-dimensional 
profiles of small coronary arteries will virtually always 
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FIGURE 2. Photomicrographs of the atrioventricular node ar- 
tery from a young man dying with cardiomyopathy of progres- 
sive muscular dystrophy. Stain in A is Verhoeff-van Gieson 
elastic, demonstrating that virtually all the fibromuscular dys- 
plasia is of a myointimal type. B shows hemorrhagic medial 
degeneration (3 open arrows) in branches of the atrioventric- 
ular nde artery. (Reproduced with permission from Circula- 
tion.99) 


underestimate both the extent and significance of such 
lesions unless one keeps in mind a 3-dimensional image of 
the problem. 


FUNCTIONAL SIGNIFICANCE OF 
FOCAL FIBROMUSCULAR DYSPLASIA 
OF SMALL CORONARY ARTERIES 

Spasm of small coronary arteries: Although it was 
long debated whether large coronary arteries often exhib- 
ited functionally important spasm (now generally con- 
ceded to be a frequent clinical problem), it has always 
been recognized that the small arteries act as modulators 
of coronary flow by varying their luminal diameter in 
response to either neural or humoral influences. There is 
evidence that some substances such as neuropeptide Y 
may selectively constrict small coronary arteries,” 
whereas dipyridamole®! and uridine triphosphate’> may 
selectively dilate them, i.e., independent of the constrict- 
ing or dilating effect on large epicardial coronary arteries. 

More relevant to the present discussion, there are 
special considerations to be made in regard to focal fibro- 
muscular dysplasia. First, the tunica media in focal fibro- 
muscular dysplasia is histologically not well organized, 
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but simply by its mass may narrow the lumen of the 
vessel. This tunica media is unlikely to permit dilation in 
response to agents of reactive hyperemia or other circum- 
stances of metabolic need. Second, in an artery with a 
thickened tunica media, any constriction at all has an 
enormously greater narrowing effect than in an artery 
with tunica media of normal thickness. For example, as 
little as 17% decrease in the external (overall) radius by 
spasm of a small artery narrowed 30% by medial thicken- 
ing will cause an 80% decrease in the internal (luminal) 
radius. For a small artery with 50% narrowing of the 
lumen by medial thickening, a mere 9% decrease of the 
external radius by spasm will completely occlude the 
lumen! (Fig. 3). 

Longitudinal propagation of contraction: It has re- 
cently been demonstrated by Araki et al!°! that smooth 
propagation of contraction develops in epicardial coro- 
nary arteries of both human and porcine hearts and that 
the propagation may depend on calcium influx. If this is 
also true for small arteries, where active vasomotion has 
been the subject of extensive investigation, !8.20.26.44-47,102- 
105 then the functional significance of focal fibromuscular 
dysplasia or any focal small arterial lesion acquires a 
different and fascinating dimension. For example, pro- 
gress of flow within a small artery where active propaga- 
tion of mural contraction was impeded may be altered in 
important ways simply because vasomotion was de- 
ranged. Eddy currents, distorted streamlining and vascu- 
lar stasis are all possibilities. Hydraulic engineers have 
demonstrated with in vitro studies that the linear flow of 
non-Newtonian fluid within tubes may be completely 
obstructed or even reversed by experimentally produced 
local turbulence caused by strategically placed baffles 
even though there was still a patent lumen of the tube.!06 
Analogous turbulence of flow may well be produced by 
focal fibromuscular dysplasia, both by direct partial lu- 
minal obstruction and by altered longitudinal propaga- 
tion of contraction. 

Variable prevalence of focal fibromuscular dyspla- 
sia: In some diseases such as scleroderma?? or idiopathic 
cardiomyopathy, 31.645394 focal fibromuscular dyspla- 
sia may be the only or certainly the predominant abnor- 
mality of small coronary arteries (Fig. 4 and 5). Even in 
such diseases, both the number of narrowing lesions and 
their distribution vary greatly. In other diseases such as 
progressive muscular dystrophy?* or Friedreich’s ataxia 
with cardiomyopathy,” or primary pulmonary hyper- 
tension with small coronary disease,?? there is a wide 
variety of different arterial lesions, including medial de- 
generation with or without medial hemorrhage, intimal 
proliferation, or medial infiltration with an unidentified 
Schiff-positive material; however, in the same hearts and 
sometimes even at different sites in the same artery one 
may also find focal fibromuscular dysplasia. None of the 
preceding examples exhibit any form of arteritis except 
very rarely, but there are forms of cardiomyopathy asso- 
ciated with both infectious arteritis as in Whipple's dis- 
ease,9^?! or noninfectious arteritis such as occurs in poly- 
arteritis nodosa®’ or rheumatoid arthritis,* in which fo- 
cal fibromuscular dysplasia is also abundantly found. 





25% DECREASE IN R, 
39% DECREASE IN R, 


ARTERY CONSTRICTED 
17% DECREASE IN Ro 
80% DECREASE IN R, 


ARTERY WITH 30% 
LUMINAL STENOSIS 


ARTERY CONSTRICTED 
9% DECREASE IN Ro 
100% DECREASE IN R, 


ARTERY WITH 50% 
LUMINAL STENOSIS 





FIGURE 3. The magnified effect of vasocontriction in arteries 

with thickened walls. See text for discussion. R; = inside radi- 

us; R, = outside radius. (Reproduced [with slight modification] 
with permission from Circulation.!99) 


How often that is partially or entirely secondary to a prior 
inflammatory lesion is unknown. 

In some hearts there are isolated lesions of the sinus 
node artery$?:7.:55 or the AV node artery”? without much 
involvement of small coronary arteries elsewhere in the 
heart. The functional significance of such lesions resides 
in their influence on the electrical stability of the 
heart./7.107-10? Why these particular sites should be sub- 
ject to focal fibromuscular dysplasia will be discussed 
later in considering the possible pathogenesis of focal 
fibromuscular dysplasia. 

Specific small coronary arteries involved by focal fi- 
bromuscular dysplasia. When the blood supply to the 
conduction system of the heart is impaired, as indicated in 
the preceding section, one may expect disturbances of 
impulse formation, acceleration or deceleration of the 
rate of the cardiac rhythm or genesis of arrhythmias, and 
impairment of conduction, with the ultimate electrical 
instability being represented by sudden death. Two other 
general groups of small coronary arteries are those sup- 
plying the working myocardium throughout the heart, 
and all of the coronary anastomoses. Unlike the small 
arteries supplying the conduction system, there are so 
many small arteries distributed to the working myocardi- 
um that narrowing lesions in one or a few of them may be 
of little functional significance. Unfortunately, it is that 
fact which has mistakenly led some investigators to con- 
sider that narrowing lesions in any small coronary artery 
may be ignored. 
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FIGURE 4. Focal fibromuscular dysplasia is shown here from 
a case of fatal scleroderma heart disease. The small arteries 
in A are from the left ventricular myocardium and the one in B 
is the atrioventricular node artery. (Reproduced with permis- 
sion from Circulation.9?) 
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For the sinus node artery, focal fibromuscular dyspla- 
sia may cause a special problem which is possibly related 
to the unusual incidence of this lesion in the sinus node of 
some victims of sudden death.?26?.71.55 There is evidence 
to suggest that impulse formation by the sinus node is 
coupled with pulsation of the sinus node artery, thus 
forming a positive feedback system in which the genera- 
tion of each sinus beat is normally influenced by a pulse in 
the sinus node artery.7^.! While sinus rhythm can clear- 
ly exist without such a pulse and is even demonstrable in 
vitro, regular cyclic pulsation in the sinus node artery 
may serve as an important stabilizing mechanism under 
normal circumstances. If this is so and sufficient focal 
fibromuscular dysplasia is present to dampen or eliminate 
the normal pulse in the sinus node artery, then an impor- 
tant stabilizing mechanism could be lost and electrical 
instability may be the result. 

For both the working myocardium's small arteries 
and for those that comprise the coronary anastomoses, it 
is the total number and distribution of focal fibromuscu- 
lar dysplastic lesions that become significant. When there 
are many such lesions in the working myocardium, the 
result is multiple foci of ischemic degeneration followed 
by focal fibrosis and compensatory hypertrophy of re- 
maining myocardium. When there are many lesions 
among the coronary anastomoses, then collateral circula- 
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FIGURE 5. These 2 examples of focal fibromuscular dysplasia 
are in a small artery of the interventricular septum (A) and 
one in the atrioventricular node (B) of a man dying with idio- 
pathic cardiomyopathy of the asymmetric type. (Reproduced 
with permission from Círculation.9?) 


tion is impaired. Unfortunately, hypertrophy and dyspla- 
sia of the tunica media of previously unstressed coronary 
anastomoses is a normal consequence of increased collat- 
eral flow? and may paradoxically prevent the optimal 
development of the collateral circulation which they are 
functionally best designed to distribute.” 

Diminished coronary reserve: There are now avail- 
able several methods for evaluating the function of small 
coronary arteries by determining the "coronary re- 
serve.” 252936647 In general terms, the methods measure 
total coronary blood flow before and after the administra- 
tion of a vasodilator substance. Any lesion that impairs 
the ability of small arteries to dilate can be predicted to 
cause a diminution in coronary reserve. There are at least 
2 ways in which focal fibromuscular dysplasia may influ- 
ence the assessment of coronary reserve. First, if there is a 
sufficient number of such narrowing lesions, then either 
before or after the administration of a vasodilator one 
may expect coronary flow to be diminished compared 
with expected normal values. Second, whether coronary 
flow is not increased or is less than normally increased 
after a vasodilator has been administered will depend on 
whether the focal fibromuscular dysplastic narrowing le- 
sions are still capable of permitting any dilatation or 
whether they have become so stiff as to have a fixed 
luminal diameter (or none at all). 
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Role in chest pain: Patients with small coronary dis- 
ease, including that due to focal fibromuscular dysplasia, 
often have chest pain that resembles angina pectoris in 
location and subjective description, although it it not reg- 
ularly produced by emotional or physical stress and is not 
regularly relieved by usual measures. It has been suggest- 
ed?5597255 that the pain represents the chance concur- 
Tence or coalescence of several foci of myocardial isch- 
emia produced by multiple small coronary narrowings 
either from simple progression of the disease or due to 
intermittent spasm. The usual electrocardiographic pat- 
tern is one of widespread persistent T-wave inversion. 
Transient arrhythmias, when arteries to the conduction 
system are involved, would contribute to episodic bouts of 
myocardial ischemia by making coronary perfusion gen- 
erally diminished, and especially so in regions where focal 
fibromuscular dysplastic narrowing already existed. 

Role in sudden death: The conduction system is not 
spared in any small coronary disease of which I am 
aware, although the involvement seems to be of random 
occurrence along with any other of the small coronary 
arteries. In addition to the effect on cardiac rhythm and 
conduction by focal fibromuscular dysplasia of arteries to 
the sinus or AV node, or both,6?717985 coexistence of 
similar lesions throughout the myocardium would intro- 
duce still further jeopardy by focal changes in excitability 
and conduction in the atrial and ventricular working 
myocardium which could compound the hazard of lethal 


- electrical instability of the heart. 


Role in hypertension: Coronary reserve is signifi- 
cantly diminished in patients with essential hyperten- 
sion.??4647,111,112 For that reason, perhaps the most im- 
portant lesson provided by the brief review of the hearts 
from patients dying with essential hypertension (Table I) 
is that all the lesions of small coronary arteries were focal. 
There was no generalized abnormality such as diffuse or 
lengthy segments of medial hypertrophy. Of the focal 
lesions found, fibromuscular dysplasia was the most prev- 
alent. Most of the hearts exhibited fewer small coronary 
abnormalities than are usually encountered in other sys- 
temic diseases such as scleroderma or polyarteritis no- 
dosa, even though it is probable that in each of the hyper- 
tensive cases the internal arterial stress was sustained and 


of considerable magnitude. 


The total number of hearts studied was small (n = 9) 
and the level of hypertension varied and its constancy or 
periodicity was not specifically studied; however, there 
was not much difference among the hearts, and all arteri- 
al lesions were focal and the overall severity was generally 
moderate. Except for numerous platelet aggregations and 
some endothelial proliferative lesions in pheochromocyto- 
ma,56 there was no remarkable difference in the small 
coronary arteries of essential hypertension, coarctation of 
the aorta and pheochromocytoma, all exhibiting some 
focal fibromuscular dysplasia. Variability of abnormali- 
ties (both prevalence and severity) in small arteries in the 


- kidney and other organs, as well as those in the heart, 


remains one of the puzzles about essential hypertension, 
i.e., what determines focal susceptibility at one site in an 
artery and spares other sites. 


It has been suggested that coronary artery disease in 
hypertension represents a conundrum.!!3 Multiple lines 
of evidence either support or refute several preferred ex- 
planations for the recognized reduction in vasodilator 
capacity (coronary reserve), one of these being structural 
changes in the resistance vessels, i.e., small coronary 
arteries. My own findings, however, would support the 
editorial suggestion that structural changes in small coro- 
nary arteries may have been missed.!!3 Two reasons are 
the fact that such changes tend to be focal in nature 
(Table I) and that even a significant number of such 
lesions are difficult to find and usually is underestimat- 
ed.?? Finally, the editorial suggestion that treating hyper- 
tension might be beneficial through regression of such 
lesions! ? is probably best supported by the fact that most 
lesions seem to be focal fibromuscular dysplasia; whether 
that suggestion proves to be true depends on a better 
understanding of the pathogenesis of focal fibromuscular 
dysplasia which will be discussed later. 

Role in hypertrophy: If focal fibromuscular dysplasia 
narrows the lumen of a small coronary artery sufficiently, 
and particularly if spasm is often superimposed, the ex- 
pected effect downstream would be ischemia leading to 
focal necrosis and eventual fibrosis. When that myocardi- 
um is lost, its space or volume does not disappear but is 
replaced by scar, which itself occupies some space that 
may or may not equal in volume the amount of lost 
myocardium. Additionally, the remaining myocardium 
becomes more stressed and secondarily hypertrophies so 
that the eventual result of hypertrophy plus scar is an 
abnormally increased total cardiac mass and thickened 
myocardial walls. 

Role in heart failure: If hypertension persists, the fo- 
cal narrowing of small coronary arteries may be expected 
to continue, leading to progressive focal loss of myocardi- 
um with replacement fibrosis and compensatory hyper- 
trophy, ending in an enlarged heart with more and more 
fibrosis and eventual decompensation and failure. This 
would apply not only to the small arteries responsible for 
direct nutrient circulation to the working myocardium 
but also to focal fibromuscular dysplastic narrowing of 
coronary anastomoses, thereby diminishing the only po- 
tential source of collateral circulation. If the arteries sup- 
plying the conduction system become involved in the pro- 
cess, arrhythmias and conduction disturbances would 
further impair the hemodynamic efficiency of the hyper- 
trophied myocardium, thus adding multiple loops to the 
downward spiral of cardiac failure, with many different 
components of pathogenesis but with focal fibromuscular 
dysplasia of small coronary arteries as one prominent 
contributing factor. 


PATHOGENESIS OF FOCAL 
FIBROMUSCULAR DYSPLASIA 
OF SMALL CORONARY ARTERIES 

There is no current explanation for this problem but 
there are several plausible theories to consider. As with so 
many questions in human biology, it may be predicted 
that there will not be a single explanation applicable to all 
cases, or even for all sites in the same heart, and in many 
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there will be obvious multiple components to the pathoge- 
netic mechanisms. The following theories are in no order 
of priority or probability. 

Leiomyomatoid nodule: Recent studies concerned 
primarily with the development of atherosclerosis have 
focused attention on the tendency of smooth muscle in the 
tunica media of arteries to behave sometimes in a neo- 
plastic or dysplastic manner.!!^ What we see in small 
coronary arteries bears some resemblance to the histolog- 
ic appearance of leiomyomata wherever found, but most 
of the arterial lesions are not eccentric or irregular in the 
way one would expect of a purely neoplastic lesion. Most 
examples of focal fibromuscular dysplasia are concentri- 
cally distributed, although the histologic organization is 
certainly dysplastic. What the stimulus may be for such 
changes to occur remains largely unknown. 

Compensation for weakness or degeneration, or 
both, of the tunica media: For large arteries one hypothe- 
sis concerning the development of focal fibromuscular 
dysplasia cites mural ischemia, possibly caused by lesions 
in the vasa vasorum leading to reactive hyperplasia of 
both muscular and fibrous elements as is observed experi- 
mentally when the vasa vasorum are interrupted.!? In a 
similar manner it has been postulated that the luminal- 
narrowing disease in primary pulmonary hypertension 
may begin with medial atrophy or hypoplasia.'!>.'!° The 
common denominator for such considerations may be 
functional weakening of the tunica media, which may 
even be a hereditary medial necrosis involving both sys- 
temic and pulmonary arteries, particularly those <1 mm 
in diameter.!!’ 

If one reasons that the normal role of the tunica media 
is to maintain optimal tone and to constrict as needed to 
control local coronary flow, then the loss of that regula- 
tory ability would be undesirable. If the vessel cannot 
reduce its luminal diameter when required to do so, then 
teleologically one might anticipate some compensatory 
mechanism to reduce the lumen, and fibromuscular dys- 
plastic narrowing would accomplish this. Of course, such 
an adjustment might be at the expense of a possible loss of 
dilating capability which is another regulatory mecha- 
nism, assuming that the artery with focal fibromuscular 
dysplasia is incapable of dilating. Actually, it is possible 
for increased pressure to distend an artery if the wall is 
not too rigid, but constriction is probably precluded if the 
tunica media is damaged or otherwise weakened. Thus, a 
fixed narrowing may be more acceptable relative to regu- 
latory dynamics than would an uncontrollably dilated or 
distended small coronary artery. 

Generalized smooth muscle abnormality: In at least 2 
diseases there are not only numerous foci of focal fibro- 
muscular dysplasia of small coronary arteries, but also 
focal abnormalities of smooth muscle in the gastrointesti- 
nal tract (especially the lower esophagus) and other por- 
tions of the body.5582.118-12! For both scleroderma and 
progressive muscular dystrophy there is also reason to 
suspect neural abnormalities, particularly the Raynaud's 
phenomenon often associated with scleroderma, which 
may secondarily influence smooth muscle wherever it is 
present, including both the heart and the esophagus. But 
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whether the fault lies primarily with the smooth muscle 
or is secondary to an abnormal neural influence on it, 
there may be a common denominator (as yet unidenti- 
fied) for both the vascular and extravascular problems 
with smooth muscle. 

Genetic factors: It has been suggested that genetic 
factors may play a role in the development of focal fibro- 
muscular dysplasia of large arteries? on the basis of 
reported incidences within family groups.’ Furthermore, 
focal fibromuscular dysplasia of small arteries (in the 
kidney) has been described in patients with Alport's syn- 
drome which consists of hereditary deafness in associa- 
tion with nephritis.!?? There may be a remarkably similar 
situation for the small coronary arteries of patients dying 
with the long QT syndrome associated with congenital 
deafness, where focal fibromuscular dysplasia of the sinus 
node artery has been observed.9?"? However, victims of 
the long QT syndrome and sudden death, whether born 
deaf or hearing normally, also exhibit an impressive car- 
dioneuropathy,!?? bringing into consideration the possi- 
ble importance of cardioneural disease relative to the 
development of the focal fibromuscular dysplasia, as will 
be discussed next. 

Focal hyperactivity of sympathetic nerves: This the- 
ory would especially fit well with the apparent predilec- 
tion of focal fibromuscular dysplasia for the sinus node 
artery and AV node artery, because both of these special 
arteries lie in regions with such rich autonomic innerva- 





tion. It would also fit with the known hyperactivity of ~e y 


sympathetic nerves in diseases such as scleroderma and, 
of course, some cases of hypertension, and with the exis- 
tence of focal fibromuscular dysplasia in the small coro- 
nary arteries of such cases. Another example includes 
idiopathic cardiac enlargement of the type usually diag- 
nosed as cardiomyopathy, where the small arteries are 
now suspected in its development, 7? 21.6553? but where an 
increased sensitivity to epinephrine and norepinephrine 
has also been an etiologic consideration.!^^ There is con- 
siderable evidence that norepinephrine can cause myo- 
cardial hypertrophy? with or without hypertension. 
Whether the influence to hypertrophy also exists for 
smooth muscle of small arteries is less certain but seems 
logical. 

On the other hand, there are distinct examples of focal 
fibromuscular dysplasia of small coronary arteries with- 
out any myocardial hypertrophy, and without any other 
evidence of hyperactivity of the sympathetic nerves, such 
as hypertension, tachycardia, pallor, and so forth. Fur- 
thermore, if it is to be supposed that sympathetic hyper- 
activity is of a focal nature, then it will be necessary to 
explain the basis for whatever selectivity there is. 

Focal sympathetic denervation with hypersensitivity 
to circulating catecholamines: This is in some respects 
the mirror image of the previous theory. For fibromuscu- 
lar dysplasia it might be simpler to expect focal denerva- 
tion and local hypersensitivity to circulating catechol- 
amines than to have isolated or focal hyperactivity by the 
sympathetic nervous system. In particular, focal denerva- 
tion could explain the absence of more generalized evi- 
dence of sympathetic hyperactivity in most cases. For 
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FIGURE 6. Three different 

of focal fibromuscular dysplasia are 
shown narrowing several small arteries 
in the left ventricular myocardium of a 
patient dying with congenital homocys- 
tinuria. Two open arrows in B mark an 


Circulation.75) 


cases with coexisting myocardial hypertrophy and focal 
fibromuscular dysplasia of small coronary arteries one 
could postulate similar denervation supersensitivity for 
both the smooth muscle of tunica media and of cardiac 


‘myocytes. There is evidence of increased cardiovascular 


responsiveness to both epinephrine and norepinephrine 
not only in patients with hypertrophic cardiomyopa- 
thy,'?^ but also in patients with essential hypertension! !! 
and with variant angina.!?6 

At a more fundamental level the arterial *denerva- 
tion" fault may be seen in terms of receptor activity or the 
cellular metabolism of smooth muscle in the tunica me- 
dia. Any catecholamines present could be received with 
abnormal affinity, or their uptake and storage could be 
impaired, or their metabolic degradation could fail, and 
the net result would still be local sympathetic overacti- 
vity. For this theory, the question still remains: Why did 
the fault occur where it did, rather than in the entire 
artery or in many sites within it? 

Focal platelet aggregation: Platelet-derived growth 
factors are known to influence vessels as well as other 
tissues.!?7-154 In pheochromocytoma*® and in congenital 
homocystinuria” (Fig. 6), there is focal fibromuscular 
dysplasia of small coronary arteries as well as demonstra- 
ble widespread aggregation of platelets. However, in con- 
genital homocystinuria there is also a direct injurious 
effect by circulating homocystine, causing endothelial 
proliferation with or without an admixture of smooth 
muscle. Furthermore, in pheochromocytoma one must 
also consider the episodic or sustained hypertension and 
the direct endothelial effect of the catecholamines in ad- 
dition to the less familiar but important platelet aggrega- 


- tion. In addition, in thrombotic thrombocytopenic purpu- 


ra? and in disseminated intravascular coagulation?! 
there is widespread platelet aggregation but no notable 
incidence of focal fibromuscular dysplasia of small coro- 








nary arteries. Thus, if platelets play a role in the develop- 
ment, it must be at most a contributory or faciiitative one. 

Abnormal collagen or fibroblast activity: In sclero- 
derma heart disease? there is not only focal fibromuscu- 
lar dysplasia of small coronary arteries but also a dispro- 
portionately extensive amount of focal fibrosis. In the 
sinus node that may be particularly severe, occasionally 
resulting in a totally destructive scirrhous fibrosis, some- 
times without significant arterial lesions in the immediate 
vicinity of the sinus node. If the fibrosing process in scle- 
roderma heart disease is the fault primarily of abnormal 
behavior by fibroblasts, then one must consider whether 
the vascular lesions have a similar basis in part or entirely. 

It was suggested previously that both the esophageal 
dysfunction in patients with scleroderma and the focal 
fibromuscular dysplasia of small coronary arteries may 
be primarily a smooth muscle fault, or the consequence of 
hyperactivity of the sympathetic nervous system, but both 
could similarly be due to a fundamental abnormality of 
collagen or fibroblasts. Additionally, because patients 
with Marfan's syndrome have abnormal collagen and 
also have focal fibromuscular dysplasia of small coronary 
arteries®> (Fig. 7), there too the vascular abnormality 
may be caused by the collagen as it is thought to for the 
aorta. Furthermore, patients with congenital homocystin- 
uria’ characteristically have many features of Marfan's 
syndrome and the early differential diagnosis is often 
difficult, so that in addition to the direct vascular effect of 
homocystine and its platelet-aggregating action, another 
possible vascular influence may be abnormal collagen in 
homocystinuric patients as well.!35 

A different significance may be attributed to collagen 
in the development of focal fibromuscular dysplasia of 
the sinus node artery or AV node artery, both of which 
seem somewhat predisposed to it. The sinus node artery is 
completely encased in the normal fibrous skeleton of the 
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FIGURE 7. These pho 

tions of the sinus node artery in a patient dying with Marfan's 
syndrome. Stain in B is Verhoeff-van Gieson; the lesion ap- 
pears predominantly in the tunica media but there are irregu- 
lar fragments of elastic membrane scattered throughout. 


sinus node, ?6 thus limiting its distensibility and possibly 
influencing any vasa vasorum entering from the adventi- 
tia. The normally dense collagen framework of the sinus 
node may also serve to fix the sinus node artery in place 
more than is the case for other free-running epicardial 
atrial arteries. The AV node artery is similarly fixed in 
place when it normally penetrates the central fibrous 
body just after it passes through the AV node.!? Such 
fixation could place added stress locally,'?* and focal 
fibromuscular dysplasia could represent the histologic 
response. An analogous consideration has been postu- 
lated for mechanical stress from abnormal motion to 
cause focal fibromuscular dysplasia of renal and carotid 
arteries.'? 

Multiple mechanisms of development may be the 
rule: Despite some histologic similarities, there are sever- 
al reasons why one should question whether focal fibro- 
muscular dysplasia of large arteries has the same develop- 
ment as that found in small coronary arteries. First, a 
recent review has suggested that focal fibromuscular dys- 
plasia of large coronary arteries is extremely rare,? 
whereas the similar abnormality in small coronary arter- 
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ies is not rare. Second, there seems to be a predominance 
of women over men for focal fibromuscular dysplasia of 
large arteries, especially the renal arteries, whereas I have 
found no sexual predominance for focal fibromuscular 
dysplasia of small coronary arteries. Third, suggested 
hypotheses for the development of focal fibromuscular 
dysplasia of large arteries!? do not include neural factors, 
whereas this concept is one of the more appealing theories 
as to origin of the problem for small coronary arteries. 

But to suppose that all examples of focal fibromuscu- 
lar dysplasia, whether found either in large or small arter- 
ies and whether involving the heart or other organs, have 
the same development is probably unreasonable. Nor can 
we currently say whether focal fibromuscular dysplasia is 
ever a primary vascular disease, or whether it is always 
secondary to abnormal nonvascular processes such as 
neural pathology or collagen disease, or whether these 
nonvascular factors would not cause focal fibromuscular 
dysplasia unless a predisposing weakness or fault was 
present in the artery. 

As is apparent from the several different plausible 
mechanisms requiring consideration for the development 
of focal fibromuscular dysplasia of small coronary arter- 
ies in scleroderma, pheochromocytoma and congenital 
homocystinuria, one should also keep in mind that it is the 
exceptional heart that exhibits only one type of histologic 
abnormality in its small coronary arteries. Therefore, in 
most cases there are probably more than one and some- 


times many different causes of focal fibromuscular dys- - 


plasia of small coronary arteries, and the principal value 
of the preceding recitation of possibilities is to call atten- 
tion to their considerable diversity. 
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Geometry and Pump Function in Cardiac 
Ventricular Hypertrophy 
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BEA ill a Um. iu. 
Ventricular pump function can be quantified by the 


inverse relation between pressure and output, i.e., 
the pump function graph, which is obtained by 
varying arterial load without changing end-diastolic 
volume, inotropic state and heart rate. The ratio of 
pressure and output, i.e., the peripheral resistance, 
can be represented in the same graph by a line 
through the origin. The 2 pressure-output relations 
intersect in the working point, i.e., the pressure and 
flow at the prevailing steady state. In normal, anes- 
thetized cats the ventricle appears to be matched to 
the arterial load in the sense that the working point 
is found at the optimal power, i.e., the optimal val- 
ue of the product of pressure and output along the 
pump function graph. To maintain this matching 
criterion during pressure overload, the ventricular 
volume has to remain the same while thickening of 
+ the wall takes place: concentric hypertrophy. With 
volume overload, matching would be preserved 
with eccentric hypertrophy. Because volume and 
pressure overloads typically lead to eccentric and 
concentric hypertrophy, respectively, the matching 
criterion may be a valuable predictor of the geo- 
metric changes found with changes in load. This 
idea was further investigated experimentally by de- 
termining the position of the working point in the 
perinephritic cat that had 1 kidney removed and 
the other wrapped in cellophane for 15 to 26 
weeks. The working point was no longer found at 
the optimal power, indicating that either matching 
was permanently comprised or that the ventricle 
was still trying to restore matching. 

ry (Am J Cardiol 1990;65:23G-29G) 
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en the hemodynamic load to the ventricle 
W changes, its geometry changes. A well-known 
physiologic example of this adaptation of the 
architecture of the cardiac pump to its load are the 
changes in right ventricular dimensions after birth. The 
increase in cardiac size seen in athletes provides another 
example of how a physiologic change in circulatory de- 
mand affects geometry of the heart. Hypertrophic 
changes of the heart also may result from a pathologic 
change in hemodynamic load. A large variety of geomet- 
ric changes is found with hypertrophy. Two extreme 
types are often distinguished: eccentric and concentric 
hypertrophy, typically found with an increase in volume 
or pressure load, respectively. ! 

The purpose of the change in cardiac geometry after a 
change in load is to adapt ventricular pump function to 
the change in circulatory demand. The question to ad- 
dress is: Do the quantitative geometric changes found 
with eccentric and concentric hypertrophy result in an 
optimal adaptation of the heart as a pump to the altered 
hemodynamic load? 

To answer this question, it is necessary to have an 
objective criterion to judge the degree of adaptation of the 
heart as a pump under normal conditions and in situa- 
tions in which the geometry has changed through alter- 
ations in the hemodynamic load. Consequently, this re- 
port consists of (1) a discussion on how ventricular pump 
function can be quantified; (2) the criterion of optimal 
adaptation of the heart to its load ("matching"); and (3) 
on the basis of this criterion, predicting the changes in 
pump function and geometry that may be expected from 
an increase in pressure load and volume load, respective- 
ly, and results from experiments designed to test such a 
prediction. 


METHODS 

The methods used to obtain the results discussed have 
been described extensively elsewhere.?-5 Therefore, this 
description is limited to a brief account of the experimen- 
tal setups, the isolated ejecting feline heart and the open 
feline thorax, and the kidney wrap technique. 

Isolated ejecting feline heart: A full description of 
this technique can be found in earlier publications.23 
Feline hearts were isolated and mounted in a setup while 
they were perfused according to the Langendorff tech- 
nique. In the setup, the left side of the heart was filled 
through a left arterial cannula with Tyrode solution con- 
taining washed bovine erythrocytes. Left atrial filling 
pressure was kept constant by an overflow system. The 
ventricle was allowed to eject through a cannula in the 
aorta against a load that had an input impedance resem- 
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A SYMPOSIUM: ARTERIAL HYPERTENSION — CARDIAC HYPERTROPHY AND FAILURE 


pressure (mmbHg) 


FIGURE 1. Left, the pump function of a roller pump (insef) can be quantified by relating the flow output to the pressure head 
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the pump has to overcome at a given rotational speed of the rollers and at a given degree of occlusion of the tubing underneath 
the rollers (squares). Increasing the degree of occlusion of the tubing causes the pump function graph to rotate around an inter- 
cept on the output axis (asterisks), while an increase in the roller speed shifts the graph in a parallel fashion (triangles). Right, 


the left ventricular pump function 


graph is curved and rotates around an intercept on the output axis with an increase in contrac- 


tile state. A parallel shift is found when left ventricular end-diastolic filling is increased. 


bling that of the ascending aorta of the cat. Pressure in 
the aorta could be increased or decreased on a beat-to- 
beat basis by opening a valve between the load and a 
reservoir with a preset pressure. These sudden load 
changes were triggered from the electrocardiogram and 
yielded a series of beats with various pressures and out- 
puts that were used to determine the pump function 
graph.? 

Open feline thorax: The details of this technique were 
given by van den Horn et al^ and Toorop et al.? Cats were 
anesthetized with 40 mg/kg thiopental sodium. During 
the surgical preparations, 1.5% halothane was added to 
the ventilation gas mixture (NxO/O>:2/1). After com- 
pletion of surgery, anesthesia was continued using dehy- 
drobenzperidol (0.56 mg/kg/hour, Droperidol, Janssen 
Pharm., Belgium) and methadone HCI (0.03 mg/kg/ 
hour, Symoron, Gist-Brocades, Holland). A midline ster- 
notomy was performed, and a cannula, connected to an 
artificial load, was introduced into the aorta through a 
hole in the wall. The cannula contained a valve which was 
normally closed but could be opened by a pulse triggered 
from the electromagnetic flow signal. An aortic occluder 
was placed just distal to the cannula. Pressures were 
measured in the left ventricle and in the aorta at the 
upstream and the downstream side of the cannula. Flow 
through the cannula was measured as well. Sudden load 
changes were obtained by activating the valve and oc- 
cluder simultaneously so that the ventricle ejected for 1 
beat (see Fig. 2) through the artificial load which could 
be set at different levels. By using different settings of the 
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load a series of beats was obtained from which the ven- 
tricular pump function graph (see Results) could be ob- 
tained. 

Kidney wrap: Production of perinephritic hyperten- 
sion by this procedure has been described by Page? and 
Kirby and Vatner.’ A midabdominal incision was made 
in 7 anesthetized cats under sterile conditions. The right 
kidney was removed, and the left was dissected free of its 
fat pad and wrapped in sterile cellophane foil (Saran® 
wrap). The incisions were then closed and the cats were 
given antibiotic treatment and allowed to recover. After 
15 to 26 weeks the cats were anesthetized again to deter- 
mine the pump function graph (see before). 


RESULTS AND DISCUSSION 

Quantification of the ventricular pump: The hydrody- 
namic function of a pump can be characterized by 2 
properties: generation of pressure and flow.’ When the 
setting of the pump is constant, an inverse relation called 
the pump function graph is generally found between these 
2 variables. The pump function graph quantifies the hy- 
drodynamic function of a controllable pump correctly 
only for a fixed setting of the controlling mechanisms 
(i.e., with respect to the heart, fixed end-diastolic filling, 
contractility and heart rate). When the control mecha- 
nisms alter the setting of the pump, a different pump 


function graph pertains which is usually more suitable to . 


cope with the load the pump has to face. This approach to 
quantify the ventricular pump can be clearly explained by 
the example of the roller pump shown in Figure 1 (left), 





of which the tubing underneath the rollers is not fully 
occluded. By lowering the height of the outlet tubing, the 
amount of fluid pumped out per unit time can be in- 
creased and vice versa. Plotting the pressure head against 
the fluid output yields the pump function graph, 3 of 
which are shown in Figure 1 (left). 

Most roller pumps have 2 control mechanisms to ad- 
just the pump function to the task it has to perform, i.e., 
the rotational speed of the rollers and the degree of occlu- 
sion of the tubing. Any change in the setting of each of 
these controls affects the characteristics of the pump and 
thus the pump function graph. An increase in the speed of 
the rollers shifts the inverse relation outward in a parallel 
manner, while a more thorough occlusion of the tubing 
causes the graph to rotate around the intercept on the 
abscissa (Fig. 1, left). 

The same approach, as previously explained for fluid 
pumps in general, can be used to quantify ventricular 
pump function. Because this case involves an oscillatory 
pump containing valves, it has to be decided what pres- 
sure and flow should be used for the plot. Based on theo- 
retical arguments, which were supported by experimental 
observations, we concluded that the best choice would be 
to plot mean ventricular pressure as a function of mean 
flow.? 

As previously explained, a pump function graph of 
ordinary fluid pumps is obtained by changing the load of 
the pump while control mechanisms should not alter the 
state of the pump. With respect to the heart, 3 different 
control mechanisms can be distinguished: filling, inotro- 
pic state and heart rate. To prevent interference from any 
of these mechanisms, we determined the pump function 
graph of the isolated ejecting feline heart preparation 
which was paced and in which atrial filling pressure was 
kept constant; the arterial load was altered on a beat-to- 
beat basis.? 

The pump function graphs obtained for 3 different 
states of the left ventricular pump are shown in Figure 1 
(right). The 3 states were control, increased ventricular 
filling and increased inotropic state. Although the curva- 
tures of the ventricular pump function graphs contrast to 
the straight lines found for the roller pump, the overall 
behavior of the 2 pumps show close resemblance. An 
increase in heart rate (not shown) also causes an outward 
parallel shift of the pump function graph.? 

The results presented in Figure 1 (right) show that the 
left ventricular pump can be described quantitatively by 
its pump function graph, i.e., the relation between mean 
pressure and mean flow obtained by variations in arterial 
load. In the isolated feline heart studies, we used mean 
ventricular pressure for the ventricular pump function 
graph. The main experimental evidence for preferring 
mean ventricular pressure over mean aortic pressure as a 
measure of the pressure-generating capacity was that the 
pump function graph became load sensitive for very small 
values of the arterial compliance. However, in a later 
study,'° we showed that such small values do not occur in 
intact animals. This explained why we found a propor- 
tional relation between mean aortic and mean ventricular 
pressures for intact cats.*!? Thus, it was concluded that 
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for arterial compliance values encountered in open thorax 
experiments, the pump function graph can be obtained 
equally well by measuring the relation between mean 
aortic pressure and mean flow. This is an important point 
because it allows the use of the same 2 variables to de- 
scribe the ventricular pump as well as its load, i.e., periph- 
eral resistance, the ratio of mean aortic pressure and 
mean left ventricular flow. 

Ventricular pump and arterial load: Because artificial 
loading systems lack any natural control, the precise he- 
modynamic relation between the ventricle and its arterial 
load cannot be studied in isolated hearts. Therefore, the 
relation between ventricular pump function and arterial 
load was studied in the open feline thorax. To delineate 
the ventricular pump function graph, the arterial load 
was changed on a beat-to-beat basis (see Methods). An 
example of the changes in flow and pressure due to such a 
sudden load change is shown in Figure 2. By using differ- 
ent settings of the arterial load, a whole series of different- 
ly loaded beats, similar to the one presented in Figure 2, 
was obtained yielding the left ventricular pump function 
graph through calculation of mean pressure and flow. 

In the upper panel of Figure 3, the ventricular pump 
function and its arterial load are represented in the same 
graph of mean pressure against mean flow. The pump 
function graph is obtained by altering the load while 
keeping the pump in a constant state, whereas the periph- 
eral resistance line can ideally (it is experimentally not 
easy to change flow through the arterial system without 
changing arteriolar diameter) be obtained by altering 
pump output while keeping the arterial system in a con- 
stant state. The point where the lines intersect is the 
working point, corresponding to pressure and flow pre- 
vailing in the steady state. 

In the lower panel of Figure 3, the power output of the 
ventricle is presented as a function of mean output. Be- 
cause power is the product of pressure and flow, it is clear 
that at the 2 extremes of the pump function graph, where 
pressure or ventricular output is zero, power output is 
zero. The optimal power output is completely determined 
by the pump function graph, independent of the value of 
the peripheral resistance and thus of the position of the 
working point. We found in the open feline thorax, under 
control conditions, that the optimal power and the work- 
ing point occur at the same mean flow value.? 

Changing heart rate or filling of the ventricle changed 
the pump function graph and the slope of the peripheral 
resistance line, but these interventions did not cause a 
separation of optimal power and working point. Even 
with modest changes of inotropic state no divergence of 
these 2 points occurred.^!9.!! Only infusion of norepi- 
nephrine (50 ug/kg/hour) resulted in a situation in which 
working point and optimal power were found at different 
mean flow values.!! From these findings we arrived at the 
following hypothesis: “The ventricular pump and the ar- 
terial load are matched in such a way that the working 
point is found at the power optimum. Changes in ventric- 
ular pump function caused by changes in circulator 
occur with the strong tendency to maintain the worn. 
point of the power optimum." 
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FIGURE 2. Recordings from an experiment on the open feline 
thorax where the arterial load is changed on a beat-to-beat 
basis to obtain the pump function graph. A, pressures and 
flow in the steady state and a beat with the heart ejecting into 
the artificial load. Because the aortic occluder is activated dur- 
ing that beat, the pressure in the femoral artery continues to 
decrease until the next ejection. B, enlargement of the beat of 
interest. The procedure followed to analyze the flow record is 
illustrated. Because of the emptying of the proximal aorta af- 
ter opening the valve in the cannula, the flow signal contains a 
component, which should not be included in the integral. 
Therefore, the integration period is taken between isobaric 
points, starting at the onset of the pressure increase. 


On the basis of this hypothesis predictions can be 
made about the changes in pump function to be expected 
in hypertrophy caused by a pressure or a volume over- 
load. From the predicted pump function changes the 
changes in ventricular geometry can be inferred.'*!° 

Changes in pump function and geometry in hypertro- 
phy: In hypertension, the increase in blood pressure often 
occurs without appreciable changes in cardiac output. 
This means that the position of the working point moves 
upward in the pressure flow plane (Fig. 4, left). This 
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FIGURE 3. Top, the left ventricular pump function graph and 
the line through the origin with a slope proportional to the pe- 
ripheral resistance (Rp) can be drawn in the same pressure 
output diagram because in the intact animal mean aortic (Pao) 
and mean left ventricular pressure (Plv) are proportional 

(Pao = a. Plv). The point where the lines intersect is the work- 
ing point, representing the pressure and flow in the prevailing 
steady state. Bottom, power output of the ventricle obtained 
from the product of pressure and output. Because the product 
is zero at maximal output and at maximal pressure, power 
output has a maximal value somewhere in between. In control 
cats, maximal power and working point are found at the same 


output. 


cannot occur without changes in peripheral resistance 
and ventricular pump function. The upward movement of 
the working point implies an increase in slope of the 
peripheral resistance line reflecting, in fact, the primary 
cause of the pressure increase. If ventricular pump func- 
tion would remain unaltered, the increase in resistance 
would cause not only pressure to increase, but also flow to 
decrease. To maintain cardiac output, ventricular pump 
function needs to change. In principle, an infinite number 
of pump function graphs go through the new working 
point. However, only one such graph satisfies, at the same 
time, the criterion that working point and optimal power 
occur at the same mean flow value (Fig. 4, left). 
Figure 4 (left) shows that the new pump function 
graph has the same intercept on the mean flow axis but 
that the pressure-generating capacity of the ventricle in 
its adapted state has to be much higher to maintain 
matching. In short-term regulation such a change can be 
obtained by an increase in inotropic state. In the long 
term, however, this rotational effect is achieved by an 
increase in left ventricular wall thickness (more force), 
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FIGURE 4. Left, the hypothesis that the ventricle tends to keep the working point at the maximal power through hypertrophy 


predicts that with a pressure overload after an increase in peripheral resistance (Rp), the pump function graph has to rotate 

around an intercept on the abscissa. This is accomplished by concentric hypertrophy because output at zero pressure will be the 
same when end-diastolic volume remains the same and pressure at zero output increases in proportion to wall thickness. Right, 
for a volume overload the prediction is that keeping the working point at the optimal power implies a rotation of the pump func- 
tion graph around an intercept on the ordinate. Eccentric hypertrophy, which is caused by a volume overload, does result in such 


a rotation. 


while the end-diastolic and the end-systolic volumes re- 
main the same. This change of the ventricular geometry, 
i.e., concentric hypertrophy, is frequently observed in hy- 
pertrophy resulting from pressure overload.! 

Volume overload can also lead to hypertrophy. In the 
typical case, cardiac output increases in volume overload, 
while pressure remains about the same. Thus, the work- 
ing point moves to the right in the pressure flow plane. 
This movement reflects the decrease in peripheral resis- 
tance necessarily present when output increases while 
pressure does not change. The change in pump function 
required to fit the new working point can again only take 
place in a unique manner under the condition that work- 
ing point and optimal power occur at the same mean flow 
value. The resulting new pump function graph shows that 
the intercept on the ordinate remains the same, while the 
intercept on the abscissa moves outward. Such a change 
can be brought about when adaptation of the heart leads 
to a definite increase in end-diastolic size, and some in- 
crease in wall thickness to keep isovolumic pressure with a 
higher volume the same (the Laplace effect) assuming 
wall stress is similar. This geometric change of the ventri- 


cle is typically observed in eccentric hypertrophy found 
with volume overload.! 

These predictions for the changes in pump function 
and the related geometric changes in hypertrophy after 
pressure and volume overload correspond qualitatively to 
what is found in humans. However, this prediction should 
occur also under more precise experimental conditions. 
We report the results of such a study for the first time. 

To test the hypothesis that cardiac adaptation strives 
to maintain working point and optimal power at the same 
mean flow value, we compared pump function graphs 
from normal cats (n = 13) with those obtained from cats 
(n = 7) that had a kidney wrap for 15 to 26 weeks. Inter- 
est was focused, in particular, on the relative positions of 
working point and optimal power. Relevant data from 
these experiments are given in Table I. The 2 average 
pump function graphs are shown in Figure 5, one for the 
control animals and the other for the cats with a kidney 
wrap. The effect of the kidney wrap on peripheral resis- 
tance was surprising. Although mean pressure was slight- 
ly higher than in control, peripheral resistance was defini- 
tively lower (1.32 vs 2.42 kPa-s-ml-!; p «0.01). The de- 
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TABLE | Comparison Between Control and Kidney Wrap 


Kidney Wrap 
(n 7 7) 


Control 


(n = 13) p Value* 


LV free wall weight 1.33 + 0.01 1.49+0.10 >0.1 
per body weight (g-kg~') (n=7) 
Heart rate (min~!) 188 +8 
LV end-diastolic 0.39+0.12 
pressure (kPa) 
Mean arterial 
pressure (kPa) 
Maximal mean LV 
pressure (kPa) 
Cardiac output 
(ml - s^!) 
Maximal output 
(ml - s!) 
Optimal power 
(Watts) 
Output at optimal power 
(ml - s!) 
Peripheral resistance 
(kPa - s - mi~?) 
; * Calculated with the Mann-Whitney U test for nonparametric independent sam- 
ples. 


Data are given as mean + standard error of the mean. 
LV = left ventricular. 


17416 
0.90 + 0.34 


20.1 
0.057 


13.4 + 0.8 14.2209 01 


11.5 1 0.9 17.5 €1.9 0.004 


6.3 + 0.7 11.2+0.7 0.001 


117412 16.7 12 0.017 


54.2488 109.5+113 0.003 


6.8 + 0.7 9.6 + 0.7 0.017 


2.42+0.25 1.32+0.16 0.006 





crease in resistance did not lead to lower pressure because 
cardiac output appeared to be significantly increased in 
the working point (11.2 vs 6.3 ml-s~'; p <0.01). 

The pump function graph of the perinephritic animals 
was shifted outward in a parallel manner. This shift 
shows characteristics that are expected from a combina- 
tion of pressure and volume overload (Fig. 4). Further- 
more, in contrast to what was found for control animals, 
the position of the working point and the maximal power 
no longer coincided; the working point was found at high- 
er mean flow values (11.2 vs 9.6; p <0.05). This finding is 
in disagreement with the above-mentioned prediction. 

Two types of explanation can be given for the failure 
to show that in kidney-wrapped cats, the adaptation of 
the ventricular pump is controlled by the tendency to 
maintain working point and optimal power at the same 
mean flow value. One is that our hypothesis is invalid, and 
that our consistent finding in control cats and under vari- 
ous experimental conditions is unrelated to a matching 
principle between ventricle and arterial system. The other 
is that the circulatory changes in our cats due to perineph- 
ritis have not yet resulted in a steady state, and, conse- 
quently, adaptation is not optimal. 

This latter explanation may find some support in the 
fact that the hemodynamic changes found in our cats 
(Table I), i.e., an increased left ventricular end-diastolic 
pressure, an increased cardiac output, a decreased pe- 
ripheral resistance and no change in arterial pressure, 
were unexpected. 

It has been shown in the conscious dog that up to the 
first 4 weeks of the development of perinephritic hyper- 
tension, both systemic pressure and cardiac output in- 
crease.!^!5 The increase in output has been explained on 
the basis of a decreased venous compliance!" leading to 
an early production of a volume overload.!^ However, this 
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FIGURE 5. When the left ventricular pump function of control 
cats is compared with that of cats that had 1 kidney removed 
and the other wrapped x-y days before the measurement, a 
parallel shift is found. Moreover the working point (W) is no 
longer found at the optimal power (P). This finding suggests 
that the ventricle is no longer matched to the arterial load and 
that ventricular adaptation is incomplete. 


early increase in cardiac output has not been found in 
rabbits. Other investigators? reported increases in all 
parameters pertaining to left ventricular volume, as well 
as increases in end-diastolic and systolic left ventricular 
pressure and stroke volume in the first 2 weeks of peri- 
nephritic hypertension. After the first 4 weeks, cardiac 
output appears to return to control values but peripheral 
resistance remains elevated in the dog.!^ These reports 
together with our results indicate that the effects of the 
kidney wrap vary in time and between species. Therefore 
it cannot be excluded that the hemodynamic changes in 
the cat after 15 to 26 weeks still continue in an unknown 
manner. 

However, the proposed hypothesis may not be true. 
The following considerations may be worthwhile in this 
respect: (1) There must be a close relation between the 
properties of the cardiac pump and those of the loading 
system. Nature cannot afford to find a suboptimal situa- 
tion. If the principle is not the one we proposed before, 
some other principle should hold. (2) We showed in an 
earlier study% that the optimal power output occurred at 
the same mean flow value for left and right ventricles. 
The large right ventricular changes taking place after 


«NE 


birth can very well be explained by the proposed hypothe- 
sis. (3) For a number of interventions, we found that 
short-term control prevents occurrence of different posi- 
tions of the working point and optimal power^!!; (4) 
Broughton and Korner?! showed that in dogs with renal 
hypertension due to occlusion of the renal artery, the left 
ventricular pump function changed as predicted by our 
hypothesis (Fig. 4, left). ` 

In conclusion, based on our findings in isolated feline 
hearts and open feline thorax, we propose that changes in 
ventricular pump function caused by changes in circula- 
tory load occur with the strong tendency to maintain the 
working point at the optimal power. This proposition 
predicts certain changes in ventricular geometry after a 
pressure or a volume overload. These changes—concen- 
tric and eccentric hypertrophy, respectively—have actu- 
ally been observed, but not in current experiments on 
perinephritic cats. In that case we found the working 
point at higher output values than the optimal power. 


REFERENCES 

1. Grossman W, Jones D, McLaurin LP. Wall stress patterns of hypertrophy. J 
Clin Invest 1975;56:56-64. 

2. Elzinga G, Westerhof N. Pressure and flow generated by the left ventricle 
against different impedances. Circ Res 1973;32:178-186. 

3. Elzinga G, Westerhof N. The effect of an increase in inotropic state and end- 
diastolic volume on the pumping ability of the feline left heart. Cire Res 
1978;42:620-626. 

4. van den Horn GJ, Westerhof N, Elzinga G. Optimal power generation by the 
left ventricle. Circ Res 1985;56:252-261. 


« TE 5. Toorop GP, van den Horn GJ, Elzinga G, Westerhof N. Matching between 





Physiol 1988;254:H279-H285. 

6. Page IH. Production of persistent arterial hypertension by cellophane perineph- 
ritis. JAMA 1939;113:2046-2048. 

7. Kirby DA, Vatner SF. Enhanced responsiveness to carotid baroreceptor un- 
loading in conscious dogs during development of perinephritic hypertension. Circ 
Res 1987;61:678-686. 

8. Elzinga G, Westerhof N. How to quantify pump function of the heart. Circ Res 
1979;44:303-308. 

9. Elzinga G, Westerhof N. Pump function of the feline left heart: changes with 
heart rate and its bearing on the energy balance. Cardiovasc Res | 980;14:81-92. 
10. van den Horn GJ. Interaction of heart and arterial system. PhD Dissertation. 
Free University of Amsterdam, 1985:51—57. 

11. van den Horn GJ, Westerhof N, Elzinga G. Feline left ventricle does not 
always operate at optimum power output. Am J Physiol 1986;250:H961—H967. 
12. Elzinga G, Westerhof N. Workload as a derterminant of ventricular hyper- 
trophy (abstr). Cardiovasc Res 1985;19:524. 

13. Elzinga G, van den Horn GJ, Westerhof N. Cardiac pump function and 
ventricular dimensions. In: ter Keurs HEDJ and Noble MIM, eds. Starling’s Law 
of the Heart Revisited. Dordrecht/Boston: Kluwer Acad Publ, 1988:112-122. 
14. Ferrario CM, McCubbin JW. Hemodynamics of experimental hypertension. 
In: Onesti G, Kim KE, Moyer JH, eds. Hypertension: Mechanisms and Manage- 
ment. New York: Grune & Stratton, 1973:591-598. 

15. Ferrario CM, Page IH, McCubbin JW. Increased cardiac output as a con- 
tributory factor in experimental renal hypertension in dogs. Circ Res 1970; 
27:799-810. 

16. Overbeck HW. Hemodynamics of early experimental renal hypertension. 
Circ Res 1972;31:653-663. 

17. Simon G, Pamnani MB, Dunkel JF, Overbeck HW. Mesenteric hemodynam- 
ics in early experimental renal hypertension in dogs. Circ Res 1975;36:791—795. 
18. Fletcher PJ, Korner PI, Angus JA, Oliver JR. Changes in cardiac output and 
total peripheral resistance during development of renal hypertension in the rabbit. 
Circ Res 1976;39:633-639. 

19. Gelpi RJ, Hittinger L, Fujii AM, Crocker VM, Mirsky I, Vatner SF. Sympa- 
thetic augmentation of cardiac function in developing hypertension in conscious 
dogs. Am J Physiol 1988;:255:H1525-H 1534. 

20. Elzinga G, Piene H, de Jong JP. Left and right ventricular pump function and 
the consequences of having two pumps in one heart. Circ Res 1980;46:564 574. 
21. Broughton A, Korner PI. Left ventricular pump function in renal hyperten- 
sive dogs with cardiac hypertrophy. Am J Physiol 1986;251:H1260—H1 266. 


THE AMERICAN JOURNAL OF CARDIOLOGY APRIL 3, 1990 29G 





Changes in Membrane Proteins in Chronic 
Mechanical Overload of the Heart 
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Several data suggest that in species such as hu- 
mans, dogs or guinea pigs, sarcomere protein 
changes do not explain the physiologic modifica- 
tions that occur in the heart in response to chronic 
overload. In the guinea pig, e.g., the shortening ve- 
locity of an intact papillary muscle negatively corre- 
lates with the degree of hypertrophy while the 
shortening velocity of a skinned hypertrophied fiber 
does not correlate with heart weight. This review is 
an attempt to summarize quantitatively data con- 
cerning membrane proteins in chronic experimental 
cardiac overload. With that respect, 2 groups of 
proteins can be distinguished: (1) the group formed 
by the calcium-activated adenosine triphosphatase 
(Ca?*-ATPase) of the sarcoplasmic reticulum, the 
B1-adrenergic and muscarinic receptors and the low 
affinity isoform of the Na*K*-ATPase. The synthe- 
sis of these proteins is not activated by the process 
of hypertrophy and consequently their density di- 
minished and their total number per myocyte or per 
ventricle is unchanged. (2) The second group is 
formed by the calcium channels and the high affini- 
ty isoform of the Na*K*-ATPase whose density, in 
contrast, is unchanged or even increases. Their 
synthesis is therefore stimulated commensurately 
with the degree of overload and their total number 
per myocyte is enhanced. These data suggest that 
search in the field of inotropes must take into ac- 
count the fact that the keys that these drugs repre- 
sent must be modeled as a function of the lock they 
have to fit into. 

(Am J Cardiol 1990;65:30G-33G) 
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en working conditions are modified, the 
W physiologic properties of cardiac muscle are 
changed. Gene expression is altered from both 
a quantitative and qualitative point of view. Hypertrophy 
confers an adaptational advantage to the heart both by 
multiplying the contractile units and by normalizing wall 
stress; after several weeks the initial speed of shortening 
for the unloaded muscle, V max, decreases while the maxi- 
mal developed tension is maintained. Heat measurements 
show that, at the fiber level, efficiency is improved.! It is 
beneficial for the ventricle, as a whole, to contract slowly 
only if one contraction is considered, but it is detrimental 
in terms of diastolic function and cardiac output, and 
eventually leads to failure. 

There are at least 2 different determinants of the 
shortening velocity at the cellular level: calcium transport 
and the structure of the contractile protein apparatus. 
They are both involved in the process of adaptation in the 
skeletal muscle and also in fast-contracting ventricles, 
such as those in the rat, but not those in humans, guinea 
pigs, pigs, cats or dogs.’ 

Membrane structure as a determinant in the adapta- 
tional process of the heart to chronic overload: Sarco- 
mere protein modifications do not explain the decrease in 
Vmax in at least 2 conditions. (1) In rabbits, pulmonary 
artery banding results in a decrease in Vmax, but the 
accompanying decrease in myosin ATPase accounts for 
only two-thirds of the decrease in contractile velocity.’ 
Both mechanical activity and heat production have been 
measured in the papillary muscle of these rabbits; the 
heat produced, when mechanical activity has been arrest- 
ed, decreases during cardiac overload, suggesting that the 
adaptational process occurs equally in the sarcomere and 
at the level of the calcium movements. (2) The normal 
guinea pig ventricles are quite different from those of rats 
because the isomyosin pattern is homogeneously V3, the 
slow isoform, which is a BB myosin heavy chain homo- 
dimer, and because the calcium-induced calcium-release 
phenomena are poorly developed.? In this species, aortic 
banding results both in hypertrophy and in a rather pro- 
nounced slowing of Vimax*; in contrast to rats, the latter 
change is not accompanied by a diminution in the turn- 
over of the myosin cross-bridges, as assayed on skinned 
fibers. Another argument suggests that in the guinea pig, 
the membrane components play a major role. In this 
species during chronic overload, relaxation is more im- 
paired than contraction, but, in addition, its load sensitiv- 
ity, a mechanical property that requires a functional sar- 
coplasmic reticulum, disappears.* 

An almost universal finding in mammalian heart ex- 
posed to chronic mechanical overload is the increase in 
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duration of the action potential. Voltage-clamp studies 
have also shown an increased amplitude of the slow in- 
ward current while its inactivation kinetics were unaffect- 


ed, suggesting that the enhancement of the duration of 


the action potential has a different origin. Other data 
support the hypothesis that the calcium-dependent potas- 
sium conductance may be inhibited and its kinetics 
slowed. At least in the ferret, it has been demonstrated 
that the intracellular calcium transient peaks normally 
but is prolonged in relation to the slowing of the shorten- 
ing velocity.’ 

The membrane of hypertrophied myocytes: The 
membrane surface of a myocyte from a normal adult rat 
heart can either be measured on sections using morpho- 
logic techniques, as described by Anversa et al? by adding 
the surface of the sarcolemma, of the intercalated disc 
and of the T tubules (Table I), or by measuring the 
membrane capacity of the cells and by defining the spe- 
cific membrane capacity to be 1 uF/cm? (Table I). It is 
evident that the difference between these 2 types of mea- 
surements reflect the fact that the electrophysiologic 
technique, in contrast with morphometry, takes into ac- 
count all the microvillosities of the external membrane, 
i.e., the real surface of the sarcolemma. The volume of a 
normal cardiac myocyte when it is measured directly by 
planimetry is 11,500 um?. A theoretical volume of 31,500 
um? is obtained using a cylindrical model with a length of 
100 um and a width or diameter of 20 um. This value 
obtained using planimetry agrees with the values ob- 
tained using a 6-um-thick parallelogram model for the 
myocyte. 

In the adult, mechanically induced cardiac hypertro- 
phy is the result of hypertrophy of the myocyte in the 
absence of cell division and of a hypertrophy with cellular 
division in the non-muscle cells. The average cellular 
volume of the myocyte and thus their average cell sur- 
faces increase parallel to the degree of hypertrophy, and 
the surface/volume ratio remains constant (Table I). 
Nevertheless, the 3 elements that make up the cell sur- 
face do not increase in the same manner during mechani- 
cal overload, at least in Anversa's model® which is also 
ours. For a cardiac hypertrophy of 6096, the actual sur- 
face of the sarcolemma increases by 35%, that of the 
intercalated discs by 55% and that of the T tubules by 
107%. This division limits the physiologic significance of 
the following results. It is well known that the proteins of 
the membrane are unequally distributed on the mem- 
brane surface and the new distribution that may be im- 
posed by the adaptational process is unknown. 

The increase in membrane surface, as estimated from 
the membrane capacity, is more pronounced than that 
deduced from morphologic studies. The total membrane 
surface, measured with morphometry, is increased by 
58% in hypertrophic hearts of hypertensive rats. In a 
similar comparable model of aortic stenosis and with the 
same percentage of hypertrophy, the membrane surface 
increased 103% when its capacity was measured using 
electrophysiologic techniques (Table I). A modification 
of the membrane capacity, which is specific to hypertro- 
phic cells, could of course account for this difference. The 


Cell length (um) 
Cell width (um) 
Cell volume (um) 
Cell surface (um)! 
T tubules 
Nontubular sarcolemma 
Cell surface (in pF capacitance)* 
Surface / volume ratio (um-!) 
Sarcoplasmic reticulum 
Surface (um?) 
Myocytes number per 
left ventricle X 106 


* 
p «0.01. 
t Morphometric findings recalculated for 60% hypertropy.? 
* Patch-clamp from Scamps E, Mayoux E, Charlemagne D and Vassort G, unpub- 
lished data. 





size of the hypertrophic myocytes has been calculated in 
Table I by considering harmonious growth and constant 
length/width ratio. 

Membrane proteins: One can distinguish 3 groups of 
membrane proteins in the normal myocytes of the adult 
rat ventricle schematically and with certain technical re- 
serves (Table II): (1) The very abundant membrane pro- 
teins, the calcium-activated adenosine triphosphatase 
(Ca?*-ATPase) of the sarcoplasmic reticulum, of which 
there are about 100 million molecules per myocyte; (2) 
those that are simply abundant, the high and low affinity 
isoforms of the Na*K*-ATPase (100 to 500,000 mole- 
cules per cell); and (3) the rarer proteins, i.e., the calcium 
channels, the muscarinic receptors, and the 8;- and a- 
adrenergic receptors (10,000 to 80,000 molecules per 
cell). 

The density of these different membrane proteins has 
been estimated by dividing the number of receptors per 
cell by the total membrane surface (Table I) and by 
acknowledging that the number of myocytes per left ven- 
tricle remains constant during the hypertrophic process, 
which in this model in the rat is true.? It was also assumed 
that the membrane proteins of the non-muscle cells play a 
negligible role since this type of cell, in this model, repre- 
sents 13% of the total cell volume.* This assumption has 
been verified in most instances on the normal isolated 
myocyte but almost never in the hypertrophic myocyte. 
This type of distribution is probably characteristic of the 
rat. However, in humans or in other species in which the 
calcium influx current plays an important role, the distri- 
bution is not known. Almost all these data are from our 
laboratory, which gives them a certain homogeneity. The 
results in Table II have been calculated using the capaci- 
tance as an index of cell surface. When morphometric 
data have been used, the relative values are modified. 
This difference is nevertheless not sufficient to modify the 
essential conclusions. 

The total number of calcium channels per left ventri- 
cle has been calculated in the rat after specific labeling 
with radioactive dihydropyridine.'° During cardiac hy- 
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‘A SYMPOSIUM: ARTERIAL HYPERTENSION — CARDIAC HYPERTROPHY AND FAILURE 


TABLE Il Membrane Proteins of Myocytes from Adult Rat 
Hypertrophied Heart 


Normal Hypertrophied 


External membrane (EM) 
Calcium channels!? 
per um? of EM 
per cell X 10^ 
(Na*K*) ATPase!® 

High affinity 
per um? of EM 
per cell x 10^ 
Low affinity 
per um? of EM 
per cell X 10^ 
Receptors?? 
B1-adrenergic 
per um? of EM 
per cell X 10^ 
Muscarinic 
per um? of EM 
per cell X 104 
Sarcoplasmic reticulum (SR)?! 
per um? of SR 
per cell X 10^ 





pertrophy and when the membrane capacity is used to 
measure the membrane surface, this value increases pro- 
portionally to the degree of hypertrophy. If the number of 
calcium channels increases, however, the density of the 
calcium channels remains constant during the hypertro- 
phic process. These estimations give similar results to 
those provided by the measurements obtained in isolated 
myocytes.! !? 

The number of functional calcium channels has been 
calculated by electrophysiologic techniques on neonatal 
cells in culture!?; the extrapolation to adult tissue must of 
course be made with caution. However, the measurement 
of the density of the channels, the total of which is deter- 
mined by specific labeling, gives results that are 10 to 15 
times greater than those obtained using the patch-clamp 
technique on cells in culture, suggesting that there is in 
the heart, as in the skeletal muscle, only about 596 of the 
total channels that are functional.!^ The activity of these 
channels has been measured by patch-clamp studies (Ta- 
ble I); the intensity of the calcium current per cell is 
increased, but the density normalized per unit of mem- 
brane surface remains unchanged, suggesting that the 
quantity of functional calcium channels also increases 
proportionally with the degree of hypertrophy. This inter- 
pretation is also based on other physiologic data: The 
inotropic effects of calcium, nifedipine and an activator of 
calcium channels, as measured in isolated heart prepara- 
tions!? (Callens-El Amrani F et al, unpublished data), are 
unchanged by the adaptational process. 

The number of molecules of Na*K*-ATPase present 
in the cardiac myocyte has been determined from the 
capacity of fixation of labeled ouabain onto membranes 
and isolated myocytes.!? This technique also allows one to 
distinguish the high and low affinity sites for this marker, 
sites that are now known to correspond to 2 different 
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proteins coded by 2 different genes. The values that were 
obtained and which are presented in Table II are compa- 
rable to the data of Capps et al!® (90.10^ high affinity 
sites per myocyte). The number of high affinity sites 
increases by 160% during hypertrophy, whereas the low 
affinity sites decrease proportionally. These figures show 
an order of magnitude and give an idea of the relative 
comparative proportions of these 2 types of molecule, and 
in other respects it partly accounts for the particularities 
of the inotropic effects of ouabain on the hypertrophic 
hearts.!7 

Recent approaches using molecular biology tech- 
niques have, until now, been unable to confirm or rule out 
these data. These techniques have shown at least 3 differ- 
ent isoforms of the a subunit of the NatK*-ATPase in 
the normal rat heart (o4, o», o3). Cardiac overload secon- 
dary to chronic hypertension in DOCA salt-treated rats 
induces a rather complex change in the expression of the 
gene coding for these subunits, including a diminution in 
the amount of o» transcripts and an enhanced expression 
in œ. The level of the 8 subunit is also increased, sug- 
gesting that the regulation also depends on the total 
amount of the enzyme. Thus far, it has been difficult to 
reconcile these data with kinetic findings, which may in 
part be because of the model used since the plasma level 
of sodium may have a specific role in controlling gene 
expression. 

The Na*Ca?* exchange activity of the hypertrophied 
rat heart has also been investigated in our laboratory in 
vitro using isolated purified sarcolemmal vesicles.?^ The 
Na *-dependent ^Ca?* uptake was measured at a calcu- 
lated imposed membrane potential of +85 mV. During 
hypertrophy the uptake was depressed by 60%. This 
change was associated with a 13-fold reduction in sensi- 
tivity of the vesicles to calcium. Such a finding suggests a 
quantitative or a qualitative change in the functional ex- 
change protein. 

There are less than 10 8-adrenergic receptors per uum? 
of myocyte surface membrane (Table II), and approxi- 
mately the same number of o;-adrenergic or muscarinic 
receptors. The figures recalculated from Table II are 
comparable to those reported by Colvin et al!* and by 
Buxton and Brunton!? for these 3 types of receptors in 
isolated myocytes. The density of 6-adrenergic receptors 
calculated per myocyte has moreover been confirmed in 
our laboratory by measurements performed directly on 
isolated adult rat myocytes. The number of 8;-adrenergic 
receptors and muscarinic receptors per cell remains con- 
stant during cardiac hypertrophy, which results in a large 
decrease in their density (40 to 60%) since the membrane 
surface of the myocyte increases. These results have a 
physiologic counterpart: The inotropic response in the 
isolated heart and the increased amplitude of the calcium 
current, as measured in isolated myocytes by the patch- 
clamp technique, are both reduced in the hypertrophic 
heart after injection of isoproterenol? (Scamps F et al, 
unpublished data). It is certainly more appropriate to 
consider such a change the result of a nonregulation of 
the gene coding for the receptor than of down-regulation 
as is usually assumed. 
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The density of the Ca?*-activated ATPase of the sar- 
coplasmic reticulum has been calculated by measuring 
the ??P-labeled intermediate, which reflects the number 
of active Ca?*-ATPase molecules and also by immuno- 
quantitation.*! Compared with receptors of the external 
membrane, the density of this protein on the sarcoplasmic 
reticulum is very high. The figures given in Table II are of 
the same order of magnitude as those reported by others. 
In chronic overload the density of the molecule is dimin- 
ished.?!2? The number of Ca2+-ATPase molecules pres- 
ent in 1 myocyte is consequently the same in both normal 
and hypertrophic hearts. The decrease in density reflects 
the diminution of intracellular calcium movement and is 
responsible for a decrease in calcium uptake by isolated 
sarcoplasmic reticulum.?! This is also one of the biologic 
explanations of the decrease in the speed of relaxation 
which is a physiologic constant of this state. 

In conclusion, cardiac hypertrophy of mechanical ori- 
gin alters the density and the number of membrane pro- 
teins in an equivocal way and 2 distinct groups of proteins 
can be distinguished: 

1. One group is that which is formed by the Ca?*- 
ATPase of the sarcoplasmic reticulum, 8;-adrenergic and 
muscarinic receptors, the low affinity isoform of the 
Na*K*-ATPase. The synthesis of the proteins of this 
group is not activated by the hypertrophic process, and 
because of this their number per cell does not change; as 
the cell increases in volume, the protein density decreases. 
The adaptation of this regulation is not necessarily the 
same for each of these proteins. The decrease in the 
density of Ca?*-ATPase of the sarcoplasmic reticulum 
reflects the adaptive slowing down of relaxation, whereas 
the down-regulation of the 8 receptors could have a pro- 
tective role. Certain data from this laboratory?* may also 
suggest that the protein responsible for Na*^Ca?* ex- 
change falls into the first class of noninducible proteins. 

2. The other group is formed by calcium channels and 
also by one isoform of Na*K*-ATPase. The density of 
total, and probably also functional, calcium channels does 
not change, i.e., their number per cell increases and their 
synthesis is proportionally activated with the degree of 
hypertrophy. In other words, contrary to the preceding 
group of proteins, the gene coding for these proteins is 
induced during chronic mechanical overload. The synthe- 
sis of the ouabain high affinity isoform of NatKt- 
ATPase is even activated so that both their number and 
density increase. This isoform is specific for cardiac tis- 
sue; its induction could answer to the requirements of the 
cell by having an isoform with a lower affinity for sodium. 

Industrial research in the field of inotropes and vaso- 
dilatators must take into account both qualitative and 
quantitative modifications of the hypertrophied cell 
membrane because the process of hypertrophy may also 
be associated with changes in the vascular cells. This 
problem will be the same for all of the drugs, activators or 
inhibitors of the calcium channel, new glycosides, 8- or a- 
adrenergic agonists of muscarinic receptors. The keys 
that these drugs represent must be modeled as a function 


of the lock they have to fit into, these locks being the 
membrane proteins, which this report shows are changed 
by the adaptational process. 
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Significance of Coronary Circulation in 
Hypertensive Heart Disease for Development 
and Prevention of Heart Failure 


Bodo E. Strauer, MD, FESC 
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Coronary hemodynamics (coronary blood flow, cor- 
onary reserve, myocardial oxygen consumption) 
were analyzed in both experimental and clinical es- 
sential hypertension. Significant reduced coronary 
reserve was found in hypertensive patients with left 
ventricular hypertrophy. Extracoronary reasons for 
these phenomena were ruled out. Considerable 
thickening of the coronary resistance vessels (medi- 
al hypertrophy) in hypertensive hypertrophy asso- 
ciated with a marked increase in the wall thickness/ 
radius ratio was considered sufficient to explain the 
impairment of coronary flow. After long-term phar- 
macotherapy there was normalization of both medi- 
al hypertrophy and coronary reserve. This small- 
vessel abnormality correlates well with clinical find- 
ings in hypertensive heart disease (angina and 
electrocardiographic changes despite normal coro- 
nary arteriogram). Moreover, this structural adap- 
tation of the small vessels may carry the inherent 
risk of an impaired oxygen supply to the hypertro- 
phied myocardium. Thus, late cardiac failure of the 
hypertrophied heart in hypertension may be attrib- 
uted, in part, to this microcirculation disorder. Con- 
versely, reversal of left ventricular hypertrophy and 
of hypertrophy of vascular smooth muscle by spe- 
cific pharmacotherapy can be considered a possible 
approach to the rational prevention of cardiac fail- 
ure in hypertensive patients. For future investiga- 
tions, controlled clinical trials are needed to confirm 
these findings with regard to prevention of heart 
failure, and pharmacotherapeutic studies are nec- 
essary to define the optimal drug regimen for re- 
versal of vascular smooth muscle hypertrophy. 

(Am J Cardiol 1990;65:34G-41G) 
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rterial hypertension is the most frequent form 
Ae pressure overload of the left ventricle.!-? There 

is both myocardial and coronary artery involve- 
ment. Myocardial hypertrophy and the progression and 
regression of the hypertrophic process in hypertension 
have been the subject of many investigations; the coro- 
nary factor, however, has received little attention mainly 
because of the lack of relevant clinical data on the coro- 
nary circulation. This study deals with the new field of 
hypertension-induced coronary small-vessel disease and 
demonstrates the existence of coronary smooth muscle 
hypertrophy in hypertensive heart disease as well as its 
reversibility with long-term pharmacotherapy. 


METHODS 

Clinical studies: Studies were performed in 198 pa- 
tients with normotensive coronary artery disease, in 86 
patients with hypertensive heart disease associated with 
left ventricular hypertrophy (mass/volume ratio 71.2 g/ 
ml) combined with coronary artery disease, in 22 hyper- 
tensive patients with myocardial hypertrophy and typical 
angina pectoris (with ST-segment depression during ex- 
ercise) but with normal coronary arteriograms, and in 22 
control patients without angina, hypertension or any oth- 
er cardiac disease. Gas-chromatographic analysis of ar- 
gon in arterial and coronary venous blood for determina- 
tion of coronary blood flow was performed in all patients 
before routine right- and left-sided cardiac catheteriza- 
tion, coronary angiography and left ventriculography. 
Coronary reserve has been defined as the relation of coro- 
nary resistance under control conditions and coronary 
resistance after maximal coronary vasodilatation. The 
latter was achieved by intravenous injection of dipyrida- 
mole, 0.5 mg/kg, over a period of 5 minutes. Full details 
of this procedure have been published elsewhere.*° 

Experimental studies: The animal experiments were 
performed in several series of both normotensive and 
hypertensive rats (n = 139), before and after long-term 
therapy with blood pressure-lowering agents. The fol- 
lowing groups of animals were examined: normotensive 
control rats (Wistar Kyoto strain [WKY]) aged 5, 20 and 
40 weeks (n = 36); hypertensive rats (spontaneously hy- 
pertensive rats [SHRs]) aged 5, 20 and 40 weeks 
(n = 61); SHRs after treatment with a combination of 
metoprolol and hydralazine (for 20 weeks starting from 
the prehypertensive fifth week of life (up to the twenty- 
fifth week of life) — prevention study (n = 12) (the dos- 
age for hydralazine averaged 15 mg/kg/day and for me- 
toprolol 50 mg/kg/day); SHRs after treatment with ni- 
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FIGURE 1. Coronary reserve (R.o,/Rcor), defined as the ratio of coronary resistance under control conditions (without premedica- 
tion) and coronary resistance after maximal increase in blood flow or maximal decrease in coronary resistance obtained by in- 
travenous (i.v.) administration of dipyridamole, 0.5 mg/kg. Note (1) normal (N) coronary reserve averages 400 to 500%; (2) in 
normotensive coronary artery disease (CAD) the coronary reserve is reduced by over 50%; (3) a similar reduction in coronary 
reserve is found in hypertensive CAD, i.e., in hypertensives with coronary stenosis (EH + CAD); (4) a 38% (p <0.01) reduction 
in coronary reserve is found in hypertensive patients with significant left ventricular hypertrophy (mass-volume ratio <2.4, >1.2 
g/ml), at normal coronary arteriogram, chest pain and electrocardiographic signs of coronary insufficiency; (5) 8 of these 22 pa- 
tients (EH) were younger than 30 years. EDV = end-diastolic volume; LCA = left coronary artery; LVMM = left ventricular mus- 


cle mass. 


fedipine for 20 weeks starting in the twentieth week of life 
(up to the fortieth week of life)—regression study 
(n = 12) (the dosage of nifedipine averaged 30 mg/kg/ 
day); comparative studies in WKY (0, 20, and 40 weeks 
of life) and SHRs (0, 20 and 40 weeks of life) after 20 
weeks’ treatment of the latter with the calcium channel 
blocker felodipine (n = 18) (the dosage averaged 30 mg/ 
kg/day). 

In all prevention or intervention groups examined, 
metoprolol plus hydralazine, nifedipine and felodipine 
were administered orally in dosages appropriate for nor- 
malization of systolic blood pressure. After the end of 
each therapy regimen and in the control group, coronary 
perfusion was determined in the isolated perfused rat 
heart at maximal coronary vasodilatation, achieved un- 
der cardioplegic conditions with the addition of adenosine 
and use of calcium-free perfusion solutions. Maximal 
coronary vascular resistance was determined in all prepa- 
rations.6-? 


RESULTS 

The clinical data demonstrated hypertensive hyper- 
trophy without angiographic evidence of coronary artery 
disease, i.e., with normal coronary arteriogram. This is a 
significant reduction in the coronary reserve of the left 
ventricle (Fig. 1). This also applies to young hypertensive 
patients, since 8 of these 22 patients were younger than 
age 30 years. Hypertensive patients with pressure-in- 
duced left ventricular hypertrophy thus have an increased 
ischemic or coronary risk, even in the absence of coronary 
artery disease, i.e., in the absence of angiographic evi- 
dence of coronary artery stenosis. 

This clinical finding was encountered to almost the 
same extent in experimental hypertension, as evidenced 
by the increase in minimal coronary vascular resistance in 
SHRs after maximal coronary vasodilatation (Fig. 2). 
Because cardioplegia was used, reactive compression of 
the coronary arteriolar vascular bed by the hypertrophied 
heart muscle was possible. 
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A SYMPOSIUM: ARTERIAL HYPERTENSION — CARDIAC HYPERTROPHY AND FAILURE 


MINIMAL CORONARY VASCULAR RESISTANCE 
Antihypertensive Therapy 
[mmHg:min 100g /ml] 


Prevention Regression 


FIGURE 2. Minimal coronary vascular resistance in normoten- 
sive control Wistar Kyoto rats [WKY] and in spontaneously 
hypertensive rats (SHR). Experimental design: isolated rat 
heart perfusion at maximal coronary vasodilatation as 
achieved by cardioplegia, calcium-free solution and adenosine 
perfusion. There was a significant increase in minimal coro- 
nary resistance in SHRs comparable to the reduction in coro- 
nary reserve in the clinical studies (compare with Figure 1). 
Two intervention studies were performed: (1) treatment of 
SHRs with metoprolol + hydralazine (M + H) initiated at the 
prehypertensive stage (age of SHRs = 5 weeks); at this age, 
neither hypertension nor left ventricular hypertrophy were 
present. Duration of treatment was 20 weeks (see Methods). 
Almost complete normalization of minimal coronary resistance 
and coronary reserve was achieved by antihypertensive thera- 
py. (2) treatment of SHR with nifedipine (Nif.) starting from 
the twentieth week of life; at this age, a significant increase in 
blood pressure and augmentation of left ventricular mass are 
present. Long-term therapy with nifedipine resulted in com- 
plete normalization of both minimal coronary resistance and 
left ventricular muscle mass. 


Intervention studies in SHRs in both the prehyperten- 
sive state in established hypertensive hypertrophy demon- 
strate that this abnormal reduction in coronary reserve in 
SHRs is almost completely reversible after (1) prevention 
of myocardial hypertrophy by intensive treatment of de- 
veloping arterial hypertension with metoprolol plus hy- 
dralazine, or (2) reversal of already established myo- 
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TABLE I Morphometric Data and Coronary Hemodynamics Obtained in Wistar Kyoto Rats (WKY) and in Spontaneously 
Hypertensive Rats (SHR) before and after 20 Weeks of treatment with Felodipine 


WKY SHR (With Therapy) (Without Therapy) 
(n = 23 (n = 24 (n 2» 13 (n 2» 12 
20 weeks) 20 weeks) 40 weeks) 40 weeks) 


Blood pressure (mm Hg)* 13218 201 € 13 149 t 15 190 + 34 
Wet weight (g)* 0.681 + 0.095 0.956+0.1 0.878 + 0.032 1.112 € 0.103 
Minimum coronary resistance 0.051 + 0.012 0.094 + 0.019 0.063 + 0.007 0.137 + 0.020 
(mm Hg/min / 100g/ml)* 

Media thickness (u)* 14.665 + 1.146 23.536 + 1.145 15.061 + 1.496 32:135 + 3.312 
Media cell layers (n)* 3.68 + 0.19 4.47 + 0.08 3.279 + 0.0115 4.083 + 0.247 
Media cell layer thickness (u)* 3.98 5.23 4.59 8.015 

Media thickness to radius ratio* 115.301 + 0.367 113.501 + 0.333 116.187 + 0.392 113.44 + 0.250 


* p «0.01. 


cardial hypertrophy by long-term treatment with the cal- 
cium channel blocker nifedipine (Fig. 2). Thus, function- 
al normalization of coronary hemodynamics may be 
achieved if hypertensive hypertrophy is prevented with 
effective antihypertensive treatment beginning in the pre- 
hypertensive state; regression of hypertensive hypertro- 
phy is obtained by effective reduction and normalization 
of blood pressure beginning when arterial hypertension 
and hypertrophy are already established. 

There are many possible reasons for the abnormal 
increase in coronary vascular resistance, the most proba- 
ble being a structural thickening of the media layer of the 
coronary arteriolar resistance vessels.!-? Morphologic 
studies were therefore performed in fixed coronary arter- 
ioles from WKYs and from SHRs. Blood pressure in 
SHRs was significantly elevated (201 + 13 mm Hg) 
compared with normotensive WKYs (132 + 8 mm Hg). 
Moreover, left ventricular weight was increased by 65% 
in SHRs (0.956 + 0.1 g) compared with that in WKYs 
(0.681 + 0.09 g) (Table I). Medial thickness was nearly 
doubled in SHRs (23.536 + 1.145 4) compared with that 
in WHYs (14.665 + 1.146 uw) (Fig. 3) (Table I). The 
ratio of medial thickness to radius was significantly in- 
creased in SHRs (1:3.501 + 0.331) vs that in WKYs 
(1:5.301 + 0.367). Thus, a proved mechanism has been 
demonstrated explaining the reduction in coronary re- 
serve by the pressure-dependent increase and by the hy- 
pertrophy process of the smooth coronary vasculature 
due to decrease of the media thickness/radius relation of 
resistance vessels. 

The next step in analyzing the coronary circulation in 
experimental hypertension and its response to long-term 
antihypertensive treatment was morphometric examina- 
tion of coronary resistance vessels before and after long- 
term treatment with felodipine (Fig. 4 to 6). A marked 
reduction in medial thickness, associated with normaliza- 
tion of the medial thickness/radius ratio, was found to 
parallel blood pressure normalization (Table I) (Fig. 7 to 
9). 

The last step in the experimental study of morphology 
and function of coronary blood vessels in WKYs and 
SHRs was the functional demonstration of improvement 
or normalization of the coronary circulation after long- 
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FIGURE 3. Morphometric analysis 
of medial thickness and muscle lay- 
ers in Wistar Kyoto (WKY) and 


hypertensive rats 
(SHR). Note the significant increase 
in smooth vascular medial thickness 


(hypertrophy) and, to a lesser ex- 
tent, the increase in the number of 


layers of smooth muscle (hyperpla- 
sia). 


term antihypertensive treatment (with felodipine) (Fig. 
10). Evidence was obtained that normalization of the 
impaired coronary circulation in hypertensive hypertro- 
phy is therapeutically possible and that, parallel to this 
functional normalization, there is regression of coronary 
arteriolar smooth muscle hypertrophy to normal values. 


DISCUSSION 

Hypertensive hypertrophy represents the most com- 
mon form of cardiac hypertrophy in humans. If left ven- 
tricular hypertrophy is moderate, normal cardiac func- 


FIGURE 4. Representative cross section 
of an arteriole of a normotensive rat. Nor- 
mal wall thickness, age 40 weeks (no 
treatment). 








Muscle layers 
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tion may be maintained for a long period. However, if 
cardiac hypertrophy is severe, deterioration of left ven- 
tricular function, left ventricular dilatation and cardiac 
failure may result.'3-!5 The reason for the transition from 
concentric to eccentric hypertrophy (or dilatation) is mul- 
tifactorial, but is still not finally understood. One of the 
possible mechanisms underlying the determination of left 
ventricular function in developing hypertrophy may be 
initiated by impairment of the blood supply to the myo- 
cardium as a result of involvement of the coronary artery 
system due to coronary artery disease (coronary stenosis) 
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or as a result of widespread narrowing of the coronary 
resistance vessels due to chronic pressure overload of the 
coronary resistance arteries. 

This study has shown that (1) coronary reserve is 
considerably reduced in clinical hypertrophy due to 
essential hypertension; (2) comparable impairment of 
coronary hemodynamics is found in experimental hyper- 
tension (SHRs); (3) functional normalization of the 
coronary impairment may be achieved by long-term anti- 
hypertensive pharmacotherapy; and (4) medial hypertro- 
phy in untreated SHRs is marked, and that this morpho- 
logic substrate may be the main reason for the impaired 
coronary dynamics; moreover, reversal of this medial hy- 
pertrophy, parallel to reduction in left ventricular mass, 
may be one of the factors finally responsible for improve- 
ment of coronary reserve in treatment of hypertensive 
hypertrophy. 

There may be several reasons why there is a reduction 
of coronary reserve in both clinical and experimental 
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FIGURE 5. Representative cross section 

^ of an arteriole of a hypertensive rat. Sig- 

- * nificant thickening of the wall is evident, 
P age 40 weeks (no treatment). 


hypertension associated with left ventricular hypertro- 
phy, e.g., medial hypertrophy, elongation of the coronary 
arterioles, an increased water content of the vessel wall, 
rarefication (in relation to the increased muscle mass) of 
the coronary artery and capillary system, or alteration of 
the responsiveness of the coronary vasculature to vasoac- 
tive transmitters. The major influence, as demonstrated 
by this study, must be attributed to the development of 
medial hypertrophy. This process runs parallel to the 
impairment of coronary reserve and, vice versa, normal- 
ization of coronary reserve parallels normalization of me- 
dial thickness with long-term antihypertensive therapy. 
Even if other mechanisms modify the changes in coro- 
nary reserve, there remains no doubt that the close and 
significant relation between increase in medial thickness 
and decreased coronary reserve in both development and 
reversal of cardiac hypertrophy most probably is the cru- 
cial factor in regulation of coronary flow and coronary 
reserve in hypertensive heart disease.!? According to Poi- 


FIGURE 6. Representative cross section 
of an arteriole of a treated hypertensive 
rat (felodipine). Treatment was started at 
the twentieth week of life, i.e., during es- 
tablished arteriolar and ventricular hyper- 
trophy and was continued for 20 weeks. 
Note the complete normalization of media 
wall thickness. 


vo 


Blood pressure 
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FIGURE 7. Blood pressure behavior in normotensive Wistar 
Kyoto rats (WKY) and in spontaneously hypertensive rats 
(SHR) before and after treatment with felodipine (duration of 
treatment 20 weeks). Note the almost complete normalization 
of systemic blood pressure in the treated groups of SHR. 

Ca - calcium. 


seuille's law, e.g., an increase in medial thickness of only 
3 u, or a decrease of the internal radius of a coronary 
arteriole from 50 to 47 p, is associated with a 29 to 42% 
reduction in maximal coronary flow, as calculated for 
maximal flow conditions (coronary reserve 400 or 500%). 
The media wall thickness to radius ratio thus has an 
important influence on regulation of coronary blood flow 
and coronary reserve. In this study, the increase in medial 
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FIGURE 8. Medial thickness (arterioles) in normotensive Wis- 
tar Kyoto rats (WKY) and in spontaneously hypertensive rats 
(SHR) before and after chronic treatment with felodipine (du- 

ration of treatment 20 weeks). Note the normalization of me- 

dial hypertrophy following treatment. Note also the further in- 
crease in medial thickness in the untreated SHR. 
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FIGURE 9. Medial muscle layer thickness (arterioles) in nor- 
motensive Wistar Kyoto rats (WKY) and in spontaneously hy- 
pertensive rats (SHR) before and after chronic treatment (felo- 
dipine) for 20 weeks. Note also the further increase in medial 
muscle layer thickness in the untreated SHR. 





thickness averaged more then 60%, and the increase in 
the medial thickness to radius ratio was comparable. 
Thus, it is reasonable to assume that medial thickening is 
present in hypertensive hypertrophy and that this process 
contributes to the impairment of coronary flow reserve. 
Moreover, a significant coincidence between hyperten- 
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FIGURE 10. Minimal coronary resistance (under cardioplegic 
conditions, in calcium (Ca)-free solution and with maximal cor- 
onary vascular dilatation with adenosine) in the isolated per- 
fused rat heart. Minimal coronary resistance was significantly 
reduced in regression study, indicating an improvement in cor- 
onary perfusion. Note the normalization of coronary resis- 
tance (and of coronary reserve) after treatment with felodipine 
(duration of treatment 20 weeks). Note also the further in- 
crease in minimal coronary resistance in the untreated sponta- 
neously hypertensive rats (SHR). WKY = Wistar Kyoto rats. 
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A SYMPOSIUM: ARTERIAL HYPERTENSION — CARDIAC HYPERTROPHY AND FAILURE 
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FIGURE 11. Concept of the transition from the normal heart to hypertrophy and to cardiac dilatation. Pressure overload pro- 
duces hypertrophy which, as in arterial hypertension, leads to an impaired oxygen (O2) supply to the myocardium due to a di- 
minished coronary reserve. This causes deterioration of left ventricular function and may produce cardiac dilatation. Small vessel 
changes in hypertensive heart disease may thus represent one of the possible co-factors in the development of cardiac failure. 
Conversely reversal of medial hypertrophy may, as has been shown in this study, permit the reversal of this process. 

d/r =by decrease in the d/r ratio. 


sive hypertrophy and silent ischemia has previously been behavior of the diastolic properties of the myocardium 
described.!° and pharmacotherapeutic interventions were analyzed. 
The concept of medial hypertrophy-mediated impair- However, one of the major and basic objectives was to 
ment of coronary reserve is greatly substantiated by the further investigate the mechanisms of transition from the 
interventional pharmacotherapeutic experiments which hypertrophied to the dilated ventricle in chronic pressure 
demonstrate both normalization of medial thickness in overload, i.e., the transition from the concentrically hy- 
coronary arterioles and normalization of coronary flow pertrophied myocardium to the dilated and decompen- 
reserve after interventional pharmacotherapy.®*!7!* sated heart.!9-2? For this purpose, interventional pharma- 
Again, it is reasonable to conclude that the chronic stress  cotherapeutic studies and morphometric analysis were 
on the arterial smooth vascular wall in chronic hyperten- performed. From the results presented here I would con- 
sion leads to hypertrophy of the vessel wall and that clude that, in addition to disturbances in left ventricular 
reversal of medial hypertrophy can improve and normal- geometry, oxygen diffusion alterations due to hypertro- 
ize coronary flow dynamics. Medial hypertrophy in phy, regulatory protein variations, the interrelation be- 
SHRs was only detectable in the presence of left ventricu- tween coronary microperfusion and the oxygen supply to 
lar hypertrophy. This implies a close relation between the hypertrophied myocardium may significantly deter- 
both myocardial and vascular smooth muscle hypertro- mine the fate of the pressure-overloaded left ventricle 
phy. However, the possibility of overt impairment of cor- (Fig. 11). Thus, the profound small-vessel disturbance in 
onary reserve in the absence of myocardial hypertrophy hypertensive hypertrophy, and possibly in other hypertro- 
cannot be ruled out. In this case, involvement of the small phic heart disease, may initiate a process of myocardial 
coronary vessels could represent one of the earliest cardi- malperfusion leading to malnutrition and inadequate per- 
ac manifestations of hypertensive heart disease. fusion, which can provoke functional depression of myo- 
During experimental pressure overload, both smooth cardial performance, a loss of contractile proteins, an 
vascular hypertrophy and, to a lesser exent, moderate increase in interstitial fibrosis, and least of all an overall 
hyperplasia develop (Fig. 3). This indicates that adaptive decrease in contractile function in long-standing cardiac 
growth in response to increased overload may beevaluat- hypertrophy. Conversely, the reversal of these processes 
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A Review of Rhythm Disorders in 
Cardiac Hypertrophy 


James M. McLenachan, MD, and Henry J. Dargie, FRCP 


Ventricular arrhythmias frequently occur in both 
experimental and human left ventricular hypertro- 
phy. The mechanism of arrhythmia is not clear but 
appears to be related to the process of hypertrophy 
and the accompanying fibrosis rather than to coex- 
istent coronary artery disease or diuretic-induced 
hypokalemia. Although neither the independent 
prognostic value of ventricular arrhythmias nor the 
benefit of antiarrhythmic therapy has been demon- 
strated in prospective studies involving hyperten- 
sive patients, it is possible that appropriate antiar- 
rhythmic therapy may reduce mortality in selected 
patients with severe hypertrophy. 

(Am J Cardiol 1990;65:42G-44G) 
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hypertrophy (LVH) in hypertensive patients is a 

powerful risk factor for cardiovascular mortali- 
ty.!:2 Whereas LVH is associated with an increased inci- 
dence of all manifestations of ischemic heart disease, 
including angina and myocardial infarction, it is an in- 
creased incidence of sudden death that appears to be most 
closely associated with hypertensive LVH.° 

In other forms of cardiac hypertrophy, notably aortic 
stenosis^ and hypertrophic cardiomyopathy,? ventricular 
arrhythmias frequently occur and appear to be predictive 
of subsequent mortality.” This has led to speculation 
that a tendency to ventricular arrhythmias might explain 
the association between hypertensive LVH and sudden 
death. 

This report reviews the evidence relating to the preva- 
lence, pathophysiology and prognostic significance of 
ventricular arrhythmias in hypertensive patients with 
LVH. 


JE peroo evi evidence of left ventricular 


PREVALENCE OF VENTRICULAR 
ARRHYTHMIAS IN HYPERTENSIVE 
LEFT VENTRICULAR HYPERTROPHY 

In 1984, Messerli et alë published data relating to the 
prevalence of ventricular arrhythmias during 24-hour 
ambulatory electrocardiographic monitoring in 26 hyper- 
tensive patients, including 16 with LVH, and demon- 
strated that arrhythmias occurred more frequently in 
hypertensives with than without LVH. 

Further studies have confirmed and extended these 
findings?-!! As part of the Framingham Heart Study, 
Levy et al? examined the relation between ventricular 
arrhythmias and both electrocardiographic and echocar- 
diographic evidence of LVH and again demonstrated, in 
a large cohort of subjects, an association between LVH 
and all grades of ventricular arrhythmia. 

In both of these studies, however, the numbers of 
patients or subjects with complex ventricular arrhyth- 
mias, particularly ventricular tachycardia, were relative- 
ly small. To address this issue, McLenachan et al!? stud- 
ied a group of 100 hypertensive patients, including 50 
with LVH, and 50 normotensive controls, by 48-hour 
ambulatory electrocardiographic recording. The aim of 
this study was to examine a sufficiently large group of 
patients with advanced hypertrophy to allow analysis of 
the prevalence of complex ventricular arrhythmias, par- 
ticularly ventricular tachycardia, which, in other forms of 
cardiac hypertrophy, is more predictive of subsequent 
sudden death than are single ventricular extrasystoles. In 
addition, to control for any possible influence of hyperten- 
sion (independently of LVH) on ventricular arrhythmias, 
the 2 groups of hypertensive patients were matched for 


both initial (before treatment) and achieved (after treat- 
ment) blood pressure. Ventricular arrhythmias were clas- 
sified as frequent ventricular extrasystoles (<10 /min, 10 
to 30/min and >30/min), ventricular couplets and ven- 
tricular tachycardia, defined as 3 or more consecutive 
ventricular complexes at a heart rate of >120 beats /min. 
The results are summarized in Table I. 

All grades of ventricular arrhythmia occurred infre- 
quently among subjects in the normotensive control 
group. Among the hypertensives, ventricular arrhythmias 
occurred more often in those with LVH of whom 14 
(28%) had at least 1 episode of ventricular tachycardia. 
When the patients with LVH were subdivided into those 
with and without accompanying ST-T changes, it was 
demonstrated that those patients with LVH and ST-T 
changes, in whom the risk of subsequent cardiovascular 
events is highest, also had the highest prevalence of ven- 
tricular tachycardia. 


PATHOPHYSIOLOGY OF VENTRICULAR 
ARRHYTHMIAS IN HYPERTENSIVE 
LEFT VENTRICULAR HYPERTROPHY 

There are few data relating to electrophysiologic test- 
ing in hypertensive patients with LVH. There are, how- 
ever, pertinent studies relating to experimental hypertro- 
phy. !2-15 

In left ventricular hypertrophy induced by aortic 
banding in the cat, ventricular extrasystoles were record- 
ed in 8 of 31 experimental cats, and ventricular fibrilla- 
tion developed in an additional 3 of 31.!2? In contrast, no 
arrhythmias were detected in 31 normal and 7 sham- 
operated cats. Using a similar technique to produce 
LVH, Shechter et al! demonstrated that ventricular fi- 
brillation thresholds, measured in milliamperes, were sig- 
nificantly lower in the hypertrophied left ventricle than in 
either the normal right ventricle of the same animal or the 
nonhypertrophied ventricle of sham-operated controls. 
Similarly, spontaneously hypertensive rats have a lower 
threshold for ventricular fibrillation than controls!^; af- 
terpotentials, which may be associated with ventricular 
arrhythmias, can be induced in hypertrophied rat myo- 
cardium, but not in normal myocardium. !5 

Although not widely used in human hypertensive 
LVH, programmed electrical stimulation has been per- 
formed to determine vulnerability to ventricular arrhyth- 
mias in patients with other forms of cardiac hypertro- 
phy.!^ Ventricular tachycardia could be induced in 82% 
of patients with hypertrophic cardiomyopathy and in 57% 
of patients with aortic stenosis but in none of a “control” 
group of patients with severe coronary artery disease but 
normal left ventricular function. 

In such studies, it is difficult to separate the effects of 
the hypertrophied myocardium from those of the accom- 
panying fibrosis. In an experimental setting, however, it 
has been demonstrated that electrophysiologic abnormal- 
ities occur most frequently at the border zone between 
areas of hypertrophied myocardium and areas of marked 
connective tissue infiltration. Furthermore, studies in 
humans suggest that patients with LVH and ventricular 
arrhythmias have more subendocardial fibrosis than pa- 
tients without arrhythmias.!" 










TABLE I Prevalence of Simple and Complex Ventricular 
Arrhythmias in Normal Controls and in Hypertensives With 
and Without Left Ventricular Hypertrophy on 

Electrocardiography 








Hypertensives 








Normal 
Controls 
(n = 50) 





No LVH 
(n = 50) 


LVH 
(n = 50) 


















VES 





«10/min 49 
10—30/min 1 sh ri io 
>30/min 0 2 6 
Couplets 2 8 16t 
VT 1 14 14 


* p <0.05, significant difference from controls. 
t p «0.01, significant difference from controls. 
* p «0.05, significant difference from hypertensives without LVH. 
LVH = left ventricular hypertrophy. VES = ventricular extrasystole; VT = ventricular 
tachycardia. 
Adapted from N Engl J Med.1? 







Two additional factors that may predispose to ventric- 
ular arrhythmias in hypertensive patients with LVH are 
drug-induced hypokalemia and recurrent myocardial 
ischemia, in the presence or absence of coronary artery 
disease. 

The finding that diuretic treatment was associated 
with an increased incidence of sudden death in a sub- 
group of diuretic-treated hypertensive patients with ab- 
normal results on the electrocardiogram at rest (includ- 
ing LVH) in the Multiple Risk Factor Intervention Tri- 
al'5.? led to speculation that diuretics might increase the 
frequency of ventricular arrhythmias and predispose to 
sudden death. Two early studies did suggest that diuretic- 
induced hypokalemia might increase ectopic activity20?! 
but in a controlled prospective study Papademetriou et 
al? demonstrated that thiazide therapy did not increase 
ventricular ectopic activity in hypertensive patients. Fur- 
thermore, in a cross-sectional study of treated hyperten- 
sive patients with and without LVH, there was no associ- 
ation between ventricular arrhythmias and either diuretic 
therapy or hypokalemia. !° 

Recurrent myocardial ischemia, secondary to coexis- 
tent coronary artery disease or reduced coronary vasodi- 
lator reserve,” has also been suggested as a possible cause 
of ventricular arrhythmias. However, the occurrence of 
ventricular arrhythmias in patients with LVH cannot be 
entirely attributed to occult coronary artery disease since 


TABLE Il Relation Between Left Ventricular Hypertrophy, 
Ventricular Tachycardia During Ambulatory Monitoring and 
Subsequent Ventricular Fibrillation or Sudden Cardiac Death 
in Elderly Patients 


VF or Sudden 
Cardiac Death 


No VT, no LVH 

VT, no LVH 

No VT, LVH 

VT, LVH 
* p «0.005 vs all other groups. 
LVH = left ventricular hypertrophy; VF = ventricular fibrillation; VT = ventricular 


tachycardia. 
Adapted from Am J Cardiol.!! 


21 (696) 

3 (13%) 
33 (20%) 
17 (57%)* 
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patients with ventricular tachycardia during ambulatory 
monitoring and LVH secondary to both hypertension!" 
and aortic stenosis^ do not invariably have coronary ar- 
tery disease. 


PROGNOSTIC SIGNIFICANCE OF 
VENTRICULAR ARRHYTHMIAS IN 
LEFT VENTRICULAR HYPERTROPHY 

In patients with hypertrophic cardiomyopathy, risk of 
sudden death has been shown to be significantly increased 
in patients with ventricular arrhythmias, particularly 
ventricular tachycardia, during ambulatory monitor- 
ing." Furthermore, there is some evidence in hypertro- 
phic cardiomyopathy that treatment with amiodarone 
suppresses ventricular arrhythmias and may prolong sur- 
vival24 although this has not been demonstrated in a con- 
trolled prospective trial. 

Until recently, there were data relating to the prog- 
nostic significance of ventricular arrhythmias in other 
forms of LVH. In 1988, however, Aronow et al? evaluat- 
ed the prognostic significance of complex ventricular ar- 
rhythmias, including ventricular tachycardia, in predict- 
ing ventricular fibrillation and sudden cardiac death in a 
cohort of elderly patients (mean age 82 + 8 years, range 
62 to 101). During a mean follow-up period of 27 months, 
ventricular fibrillation or sudden death occurred in 74 of 
554 patients (1396). Mortality was particularly high in 
those patients with LVH and ventricular tachycardia 
during ambulatory monitoring (Table II). However, dif- 
ferences in the distribution of other risk factors, such as 
age, blood pressure and history of previous myocardial 
infarction, might explain the observed differences. Fur- 
ther analyses, including the application of multivariate 
techniques, are required to clarify whether ventricular 
arrhythmias predict subsequent cardiovascular events in- 
dependently of associated risk factors. Little is known 
about the effects of antihypertensive treatment on ven- 
tricular arrhythmias in hypertensive patients with LVH 
although this is clearly an area of growing interest. 
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Disorders of Coronary Microcirculation and 
Arrhythmias in Systemic Arterial Hypertension 


Martin Vogt, MD, Wolfgang Motz, MD, Sibylle Scheler, MD, 
and Bodo E. Strauer, MD, FESC 


Arterial hypertension is associated with an in- 
creased cardiovascular mortality and an increased 
risk of sudden cardiac death. Therefore, the preva- 
lence of ventricular arrhythmias, identified on 24- 
hour ambulatory electrocardiographic monitoring, 
was analyzed in 54 patients (aged 56 + 10 years) 
with arterial hypertension and normal coronary an- 
giograms with respect to left ventricular muscle 
mass, mass-to-volume ratio, systolic wall stress 
and coronary microangiopathy. Ventricular ectopic 
beats (VEBs) were assessed according to a score 
(modified Lown classification: 1 = no VEB, 2 = <30 
VEB/hour, 3 = >30 VEB/hour, 4 = polymorphic 
VEB, 5 = bigeminys, 6 = couplets, 7 = nonsustained 
ventricular tachycardia). Coronary blood flow was 
measured by the gas chromatographic argon meth- 
od. Coronary reserve was determined by measuring 


~~ coronary resistance before (Rcor) and after (Rmin) 


administration of intravenous dipyridamole (0.5 
mg/kg body weight) (Cor Res = Rcor/Rmin). 
The frequency (p <0.05) and severity 
(p <0.025) of VEBs was higher in normotensive 
than in hypertensive patients. Although the score of 
VEBs did not correlate with left ventricular muscle 
mass (r = 0.20, difference not significant), a slight 
correlation with mass-to-volume ratio (r = 0.32; 
p <0.05) and systolic wall stress (r = 0.30; 
p <0.05) was found. Hypertensives with a severely 
reduced Cor Res (<2.0) had a significantly higher 
score of VEBs than those with a nearly normal Cor 
Res (>3.0) (5.0 + 1.5 vs 3.5 + 1.7; p «0.05). 
Thus, hypertensives had a higher incidence of 


-4 VEBs than normotensives. VEBs in hypertensives 


are determined by the left ventricular geometry 
rather than by the absolute left ventricular mass. 
Hypertensive microangiopathy is a further determi- 
nant for VEB in hypertensives. The prognostic sig- 
nificance of VEB in hypertensives is not yet clari- 
fied. 

(Am J Cardiol 1990;65:45G-50G) 
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rterial hypertension is the most common cause 
of chronic pressure overload of the left ventricle. 
The hypertensive damage to the target organ 
"heart" comprises myocardial hypertrophy and disease of 
large and small coronary arteries and determines essen- 
tially the prognosis of arterial hypertension.! Left ventric- 
ular hypertrophy represents the main structural adapta- 
tion of the heart to sustained pressure overload. Accord- 
ing to the Framingham Study, electrocardiographic signs 
of left ventricular hypertrophy in hypertensive patients 
are associated with an increased cardiovascular mortali- 
ty’ and particularly with an increased incidence of sudden 
death.’ On the other hand, arterial hypertension is an 
important risk factor for the development of coronary 
artery disease, which represents the major predisposing 
factor of sudden death.* However, angina pectoris is often 
a complaint in hypertensive patients even in the absence 
of coronary artery disease. The pathophysiologic back- 
ground of the clinical symptom of chest pain in these 
patients is often a restricted coronary regulatory capacity 
on the basis of coronary microangiopathy.5^ 
In this study, we investigated the frequency and sever- 
ity of ventricular arrhythmias in hypertensive patients in 
the absence of coronary artery disease. Because left ven- 
tricular hypertrophy and coronary microangiopathy rep- 
resent essential cardiac manifestations of arterial hyper- 
tension, we wanted to determine whether the observed 
cardiac arrhythmias are due to the degree of left ventricu- 
lar hypertrophy or are related to coronary microangi- 


opathy. 


METHODS 

Patients: We studied 54 consecutive patients (27 men 
and 27 women, aged 56 + 10 years) with a history of 
arterial hypertension, who were referred to our institution 
for clinical evaluation of chest pain. In all patients, coro- 
nary angiography demonstrated the absence of coronary 
artery stenosis or major macroscopic atherosclerotic vas- 
cular lesions. Systolic blood pressure was 168 + 14 mm 
Hg and diastolic blood pressure 98 + 9 mm Hg. Hyper- 
tensive patients were compared with 12 normotensive 
patients (5 men and 7 women, aged 53 + 8 years) with 
normal coronary angiograms, normal left ventricular 
function and normal coronary reserve. Systolic and dia- 
stolic blood pressures were 124 + 14 and 82+ 8 mm Hg, 
respectively. 

Coronary blood flow measurements: Antihyperten- 
sive treatment was discontinued at least 48 hours before 
cardiac catheterization. Coronary blood flow was mea- 
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TABLE I Classification of Ventricular Arrhythmias 


Class (Lown) 






O: No extrasystoles 
I: Occasional monomorphic extrasystoles (<30/hour) 

Il: Monomorphic extrasystoles (>30/hour) 

IIIA: Polymorphic extrasystoles 

IIIB: Bigeminy 

IVA: Couplets 

IVB: Ventricular tachycardia 23 successive extrasystoles 


NO OP WN 


sured under baseline conditions and after intravenous 
administration of dipyridamole (0.5 mg/kg body weight) 
by using the gas chromatographic argon method, which 
has been described in detail elsewhere.’ Coronary vascu- 
lar resistance was calculated as the coronary perfusion 
pressure (ie., mean systemic arterial pressure minus 
mean right atrial pressure) divided by coronary blood 
flow. Coronary reserve was calculated as the ratio of 
coronary vascular resistance under basic conditions and 
minimal coronary resistance after coronary vasodilation 
by dipyridamole. 

Determination of left ventricular muscle mass and 
end-diastolic volume: The cardiac dimensions were mea- 
sured by ventriculography. The left ventricular muscle 
mass was calculated from the end-diastolic wall thickness 
and end-diastolic volume according to the method of 
Rackley et al.? Systolic wall stress was calculated accord- 
ing to the equation of La Place. 

Electrocardiographic 24-hour monitoring: To identi- 
fy cardiac rhythm disorders, all patients underwent 24- 
hour electrocardiography (Marquette-Laser-Holter sys- 
tem), performed during the 24 hours preceding the inva- 
sive examination. During monitoring no patient received 
antihypertensive treatment, digitalis or specific antiar- 
rhythmic drugs. The magnetic tape recordings were 
printed and the tracings were evaluated by a cardiologist. 

To obtain a better approach to quantitative analysis of 
ventricular arrhythmias, we used our own quantitative 
score by modifying the Lown classification (Table I). 

Statistical analysis: Data are expressed as mean + 
standard deviation. Differences in group means were ana- 
lyzed with use of the 2-tailed unpaired t test. The correla- 
tion of 2 parameters was tested using a linear regression 
analysis. Results were considered to be statistically and 
significantly different when confidence limits exceeded 
95% (p <0.05). 


RESULTS 

Prevalence of ventricular arrhythmias in hyperten- 
sive patients: In hypertensive patients, the total amount 
of ventricular ectopic beats (VEBs) in 24-hour long-term 
electrocardiograms was 10 times higher than in the nor- 
motensive group (938 + 351 vs 124 + 72 VEBs/24 hours, 
p <0.05; + standard error of the mean). Seventy-five 
percent of the normotensives and only 4870 of the hyper- 
tensives belong to the group with few VEBs (<100 
VEBs/24 hours). Twenty percent of the hypertensive and 
none of the normotensive patients belong to the group 
with very frequent ectopic beats (>1,000 VEBs /24 
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hours). Ventricular arrhythmias were of significantly 
higher degree in the hypertensive than in the normoten- 
sive group (score: 4.59 + 1.68 vs 3.50 + 1.17; p <0.025). 
With assignment of the patients to 3 groups with increas- 
ing arrhythmia score, again 83% of the normotensives but 
only 45% of the hypertensives belonged to the low-score 
group (arrhythmia score: 1 to 4). Fifteen percent of the 
hypertensives were assigned to the high-score group (ar- 
rhythmia score: 7); there were no normotensives in this 
group. 

Relation of ventricular arrhythmias to left ventricu- 
lar hypertrophy, left ventricular geometry and systolic 
wall stress: In hypertensive patients, left ventricular 
muscle mass ranged from 56 to 300 g/m? (mean 142 + 
54 g/m?). The severity of ventricular arrhythmias (ar- 
rhythmia score) did not correlate with left ventricular 
muscle mass (r = 0.20; difference not significant). To 
evaluate the significance of left ventricular geometry for 
ventricular arrhythmias, the mass-to-volume ratio (the 
quotient of left ventricular muscle mass and end-diastolic 
volume) was calculated. Between the arrhythmia score 
and the mass-to-volume ratio, a weak but statistically 
significant correlation was found (Fig. 1). Accordingly, 
there was a tendency toward a higher degree of arrhyth- 
mias in hearts with low mass-to-volume ratio. A signifi- 
cant correlation could be detected between the arrhyth- 
mia score and systolic left ventricular wall stress 
(r = 0.30; p <0.05). As systolic wall stress increased, the 
score of ventricular arrhythmias increased. 

Relation of ventricular arrhythmias to coronary reg- 
ulatory capacity: By means of linear regression analysis, 
the arrhythmia score and coronary reserve did not corre- 
late (r = 0.14; difference not significant). In Figure 2, the 
hypertensive patients were subdivided into those with 
normal or slightly reduced coronary reserve (>3.0), those 
with mildly reduced coronary reserve (from 2.0 to 3.0) 
and those with severely reduced coronary reserve (<2.0). 

Patients with a severely reduced coronary reserve had 
a significantly higher score of ventricular arrhythmias 
than those with a nearly normal coronary reserve (5.0 + 
1.5 vs 3.5 + 1.7; p <0.05). In the group with normal or 
only slightly reduced coronary reserve, 78% of the pa- 
tients had low-grade arrhythmias (score: 1 to 4), whereas 
in the group with severely reduced coronary reserve, only 
36% of the patients belonged to the group with low-grade 
arrhythmias. In the group with severely reduced coronary 
reserve, accordingly, 64% of the patients had a higher 
grade of arrhythmias with a score of 5 to 7, whereas in the 
group with normal or only slightly reduced coronary re- 
serve, only 22% of the patients had this degree of ventric- 
ular arrhythmia. With reduction of coronary reserve, 
there was a tendency toward a higher grade of ventricular 
arrhythmias. However, because the number of patients 
with the highest grade of arrhythmias was greater in the 
group with moderately reduced coronary reserve than in 
the group with severely reduced coronary reserve, the 
correlation between the arrhythmia score and coronary 
reserve failed to be statistically significant. 

Because the coronary reserve was influenced by meta- 
bolic effects (such as increased metabolic demand under 
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FIGURE 1. Relationship between degree of ventricular arrhythmias and mass-to-volume ratio in hypertensive patients. Note the 


_ tendency toward higher grade ventricular arrhythmias with decreasi 


resting conditions), the relation between the arrhythmia 
score and the minimal Coronary resistance, which is inde- 
pendent of metabolic influences, was analyzed. In Figure 
3, the hypertensive patients were subdivided into those 
with normal or slightly increased minimal coronary resis- 
tance (Rmin<0.40 mm Hg-min-100 g/ml), those with 
moderately increased minimal resistance (0.40<R min 
<0.80) and those with severely increased minimal coro- 
nary resistance (Rmin>0.80). In the group with normal or 
only slightly increased minimal coronary resistance, 80% 
of the patients had low-grade arrhythmias (score: 1 to 4), 
whereas in the group with severely increased minimal 
coronary resistance only 50% of the patients belonged to 
the group with low-grade arrhythmias. The patients with 
moderately or severely increased minimal coronary resis- 
tance prevailed in the group with an arrhythmia score of 
5 to 7. 


DISCUSSION 

In patients with hypertrophic cardiomyopathy?.!? and 
coronary artery disease,+ complex arrhythmias are well 
documented and are regarded as predictive of subsequent 
sudden cardiac death in these patients. Increased ventric- 
ular ectopic activity has also been described in patients 
with left ventricular hypertrophy secondary to arterial 
hypertension.!! The Framingham Study has shown that 
left ventricular hypertrophy in arterial hypertension is a 
substantial risk factor for sudden cardiac death.? Fur- 
thermore, Messerli et al!! and Loaldi et al!? found a 
significantly higher incidence of ventricular arrhythmias 


ing mass-to-volume ratio. 


in hypertensive patients with left ventricular hypertrophy 
than in those without hypertrophy. This was confirmed 
by data of McLenachan et al!3 who emphasized left ven- 
tricular hypertrophy to be the main cause for predisposi- 
tion to ventricular arrhythmias. Enlarged cells have been 
shown to facilitate intracellular current flow, enhanced 
conduction velocity, thus giving rise to reentry mecha- 
nisms.!4 Spontaneously hypertensive rats have been 
shown to have a lower threshold for ventricular fibrilla- 
tion than controls.!5 As a possible mechanism of this 
increased vulnerability, the inducibility of afterpotentials 
in hypertrophied but not in normal rat myocardium has 
to be regarded.'® Clinical studies showed that in more 
than 80% of patients with hypertrophic cardiomyopathy, 
ventricular tachyarrhythmias could be induced by pro- 
grammed electrical stimulation." From a Clinical point 
of view, it was argued that this finding speaks in favor of 
the role of left ventricular hypertrophy in the genesis of 
rhythm disorders, However, hypertrophic cardiomyopa- 
thy is no regular type of hypertrophy, but one with muscle 
fiber disarrays, which may represent the morphologic 
cause for reentry mechanisms. 

Because no correlation between the degree of left ven- 
tricular hypertrophy and the severity of ventricular ar- 
rhythmias could be detected, our data suggest that left 
ventricular hypertrophy is not the main predisposing fac- 
tor for ventricular arrhythmias in hypertensive patients. 
This is in contrast to former studies.'!-!3.18 However, a 
substantial limitation of these investigations is that coro- 
nary angiography was not performed and therefore coro- 
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FIGURE 2. Prevalence of simple and complex ventricular ar- 
rhythmias in hypertensive patients (Pat.) with respect to the 
coronary reserve (Cor Res) in the absence of coronary heart 
disease. The patients were sub according to the reduc- 
tion in coronary reserve. For the arrhythmia score (1-7) see 

Table I. 
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FAILURE 


nary artery disease, which is well documented to cause 
complex ventricular arrhythmias,’ could not be ruled out 
with confidence. Because of the phenomenon of “silent 
ischemia,” clinically inapparent coronary artery disease 
may be the cause of ventricular arrhythmias in many of 
these patients, whereas, in our study, the absence of coro- 
nary artery disease was proved by coronary angiography. 

Although absolute left ventricular muscle mass ap- 
pears not to determine the degree of ventricular arrhyth- 
mias, the evaluation of left ventricular geometry, Le; 
mass-to-volume ratio, reveals a correlation between 
mass-to-volume ratio and the degree of ventricular ar- 
rhythmias. With decrease in mass-to-volume ratio (i.e., 
eccentric type of left ventricular hypertrophy), complex 
ventricular arrhythmias prevailed in hypertensive pa- 
tients. This was in accordance with the findings of Bethge 
et al? The low mass-to-volume ratio, irrespective of 
whether it is due to ventricular dilation or to inadequately 
low hypertrophy, results in an increase in systolic wall 
stress. Because systolic wall stress is the main determi- 
nant of myocardial oxygen consumption,”° an increased 
systolic wall stress results in an increase in myocardial 
oxygen requirement, which has to be delivered by an 
increased coronary flow. Therefore, in hypertensive pa- 
tients with a low mass-to-volume ratio, a partially ex- 
hausted coronary reserve due to an increased metabolic 
demand under resting conditions may precipitate myo- 
cardial ischemia, which represents a potent stimulus for 
ventricular arrhythmias.” 

In addition to a reduction of coronary reserve due to 
metabolic demands, an impairment of coronary reserve 
due to coronary microangiopathy has to be considered. 
Patients with arterial hypertension frequently have angi- 
nal chest pain or reveal an abnormal exercise tolerance 
test result suggesting the occurrence of myocardial isch- 
emia. The pathophysiologic background is represented by 
the reduction in coronary regulatory capacity due to ab- 
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with respect to the minimal coro- 
nary resistance (after coronary va- 
sodilation by dipyridamole). The pa- 
tients were subdivided according to 
the increase in minimal coronary re- 
sistance (Rmin) (Rmin «0.40, Rmin? 
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Hg-min-100 g/ml). For the arrhyth- 
mia score (1-7) see Table I. 
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normalities of the microvasculature.5?? Recent studies 
suggest that impaired coronary reserve appears to be the 
consequence of primary vascular alterations, which may 
be caused either by structural alterations within the coro- 
nary resistance vessels or by functional alterations of the 
flow regulation.???^ Structural abnormalities of the small 
coronary resistance vessels, such as mediahypertrophy or 
perivascular fibrosis, have already been described in hy- 
pertensive patients?^?? as well as in spontaneously hyper- 
tensive rats.2° These abnormalities of the coronary vascu- 
lar system in hypertensive patients reduce the ability of 
the heart to meet greater oxygen requirements adequate- 
ly and lead to a susceptibility of myocardium to ischemia. 
When dividing the hypertensive patients into subgroups, 
there was a clear tendency toward a higher grade of 
ventricular arrhythmias with reduction of coronary re- 
serve and an increase in minimal coronary resistance. 
Accordingly, hypertensive coronary microangiopathy ap- 
pears to cause ventricular arrhythmias through myocar- 
dial ischemia, which could be aggravated by an increase 
in systolic wall stress as a consequence of low mass-to- 
volume ratio. From this evidence, we conclude that coro- 
nary microangiopathy with the consequence of myocardi- 
al ischemia is a more significant cause of ventricular 
arrhythmias in hypertensive patients than the absolute 
degree of left ventricular hypertrophy. 

Since in previous studies, left ventricular hypertrophy, 
the main structural adaptation of the heart to chron- 


.ic pressure overload, was emphasized to be the essen- 


tial cause of the limitation of coronary vasodilator re- 
serve,???? it could be argued that the role of left ventricu- 
lar hypertrophy in the determination of ventricular ar- 
rhythmias, which was emphasized by other investiga- 
tors,!!3 is closely associated with a limited coronary 
reserve. However, in a previous study, we were clearly 
able to show that the reduction in coronary reserve in 
hypertensive patients with normal coronary angiograms 
does not correlate with the degree of left ventricular hy- 
pertrophy and is not necessarily linked to the occurrence 
of left ventricular hypertrophy.9? 

In our study, the frequency and severity of ventricular 
arrhythmias, identified on 24-hour long-term electrocar- 
diography, are higher in the hypertensive than in the 
normotensive subjects. Whereas ambulatory electrocar- 
diographic studies in patients with coronary artery dis- 
ease and previous myocardial infarction have suggested a 
relation between the occurrence of frequent or complex 
ventricular arrhythmias and the risk of subsequent cardi- 
ac death,^ the prognostic significance of complex ventric- 
ular arrhythmias in hypertensive patients without coro- 
nary artery disease has not been clarified. During an 
observation period of 12 months, none of our patients died 
from sudden cardiac death. None of our patients had a 
history of cardiac arrest or syncope, and none of our 
patients' episodes of sustained ventricular tachycardia or 
ventricular fibrillation could be identified. No reliable 


-.4 . Clinical data are available that allow any definitive state- 


ment about the predictive value of complex arrhythmias 
for sudden death in hypertensive patients. 


In conclusion, hypertensive patients have a higher in- 
cidence of ventricular ectopy than normotensives. This 
study clearly indicates that the complexity of ventricular 
arrhythmias in hypertensive patients without coronary 
artery disease does not correlate with the degree of left 
ventricular hypertrophy. In hypertensive patients with 
low mass-to-volume ratio with consequently increased 
systolic wall stress and increased myocardial oxygen con- 
sumption, as well as in patients with increased minimal 
coronary resistance complex, ventricular arrhythmias 
prevailed. Accordingly, a reduced coronary reserve, 
whether due to vascular alterations or increased metabol- 
ic demand, seems to cause ventricular arrhythmias 
through myocardial ischemia. However, in the absence of 
clinical studies, the prognostic value of ventricular ar- 
rhythmias in hypertensive patients without coronary ar- 
tery disease and the indication of antiarrhythmic treat- 
ment in addition to antihypertensive treatment is not yet 
clarified. 
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Transient Myocardial Ischemia in 





Hypertensive Heart Disease 
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This study determined whether episodes of myo- 


cardial ischemia occur in hypertensive patients with 
normal coronary angiograms. ST-segment analysis 
during 24-hour Holter electrocardiography was de- 
termined in 48 patients (24 men and 24 women, 
mean age 54.6 + 10.4 years) with essential arteri- 
al hypertension (systolic/diastolic blood pressure 
189.7 + 29/99.5 + 15 mm Hg). The thickness of 
left ventricular posterior wall and septum were 
measured with echocardiography. Stenosis of coro- 
nary vessels were excluded on angiography in all 
patients. In 24 of 48 patients, 12.8 + 13.8 epi- 
sodes of transient myocardial ischemia (ST-seg- 
ment depression > 1 mm, duration of the episode 
>1 minute) were observed. The duration of the epi- 
sodes was 48.1 + 69.93 minutes and the maximal 
ST-segment depression was 1.91 + 0.82 mm. In 
95% of the episodes the patients did not experi- 
ence any angina pectoris. The degree of left ven- 
tricular wall thickness did not differ in hypertensive 
patients with and without transient myocardial 
ischemia (septum thickness 11 + 2 mm). It is con- 
cluded that transient myocardial ischemia often oc- 
curs in hypertensive patients. Thus, left ventricular 
hypertrophy does not appear to play any important 
role. The underlying cause appears to be the im- 
paired coronary dilation capacity, i.e., vascular al- 
terations. 

(Am J Cardiol 1990;65:51G-55G) 
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ity is clearly restricted, even with an existent normal 

coronary angiogram! as a result of structural changes 
within the coronary resistance vessels or of functional 
alterations.?? Clinical manifestation for restricted coro- 
nary regulatory reserve in hypertensive patients with 
smooth coronary arteries is angina pectoris as well as 
occurrence of ischemia during exercise electrocardiogra- 
phy.” 

ST-segment analyses in long-term electrocardiogra- 
phy indicated episodes of myocardial ischemia in patients 
with coronary artery disease during ambulatory condi- 
tions without angina pectoris (“silent ischemia”) appear- 
ing clinically.4 These painless ST-segment depressions 
differ neither in analytic form nor on the basis of their 
hemodynamic effects from ST-segment depressions that 
are associated with symptoms of angina pectoris.? 

Because a latent coronary insufficiency frequently oc- 
curs in hypertensive patients on the basis of the restricted 
coronary reserve, ? we questioned if, and to what extent, 
transient myocardial ischemia can be confirmed by 
means of ambulatory ST-segment monitoring in hyper- 
tensive patients with a normal coronary angiogram. 


[i hypertensive patients, coronary regulatory capac- 


METHODS 

Patients: We examined 48 hypertensive patients con- 
secutively (24 men and 24 women, average age 54.6 + 
10.4 [mean + standard deviation] years). Secondary 
forms of hypertension such as renovascular or parenchy- 
matous hypertension, coarctation of the aorta, pheochro- 
mocytoma, Cushing’s disease or hyperthyroidosis were 
ruled out. 

Between October 1987 and June 1988, all patients 
who had undergone coronary angiography because of 
clinical indications such as angina pectoris or positive 
findings during exercise tolerance testing were included 
in the study if (1) the coronary angiogram showed 
smooth epicardial coronary arteries and (2) 3 consecutive 
examinations within 3 weeks revealed a systolic blood 
pressure >160 mm Hg and a diastolic blood pressure 
295 mm Hg. 

Patients indicating an additional occurrence of valvu- 
lar lesions as well as signs of hypertrophic obstructive or 
hypertrophic nonobstructive cardiomyopathy or mitral 
valve prolapse were not included in the study. Further- 
more, there could be no occurrence of bundle branch 
block patterns in the electrocardiogram (ECG), and no 
Wolff-Parkinson-White syndrome, digitalis medication 
or electrolyte disturbances. Diabetics were not included 
in the study because of possible diabetic coronary mi- 
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TABLE I Clinical Data of Hypertensive Patients 





Hypertensives Hypertensives 
With ST | Without ST | 
(n = 24) (n = 24) 
Sex 14women/10men 12women/12men 
Age (years) 56.1+9.3 55.3 + 10.9 
Systolic blood pressure — 190.8 + 23.4 188 + 33 
(mm Hg) 
Diastolic blood pressure 102.4 € 12.5 98.1 + 17.1 
(mm Hg) 
Pathologic exercise ECG 14 — 
Normal exercise ECG 10 24 


ECG = electrocardiogram; ST = ST-segment depressions. 


croangiopathy. For control purposes, 46 normotensive 
healthy volunteers (25 men and 21 women, mean age 
23.4 + 4.2 years) were studied with ST-segment monitor- 
ing over 24 hours. Medical history, physical examination, 
resting ECG, exercise tolerance test and echocardiogra- 
phy did not indicate any cardiac disease or abnormalities. 

ST-segment analysis: Complete long-term electro- 
cardiographic records of patients were kept over a period 
of at least 24 hours without the use of any effective 
cardiac medication. Drugs had been discontinued for a 
period of at least 1 week. Monitoring of data ensued using 
a double-channel, bipolar operating recorder employing 
an amplitude-modulated system with a complete digital 
mechanism (Marquette-Laser-Holter System: Software 
5.5, Marquette Electronics Inc., Milwaukee, Wisconsin). 

After thorough preparation of the skin, electrodes 
were attached using monitors. The electrodes were at- 
tached in the area of the upper sternum and the precordi- 
al lead (CM2 corresponding to V», CMS corresponding 
to Vs) so that the R peak showed the highest possible 
amplitude. By means of monitory regulation, any modifi- 
cation in ST segment due to changes of position such as 
standing, bending over, lying on the left or right side, or 
through hyperventilation (according to the patient's his- 
tory) was excluded. Each patient was asked to record any 
discomfort, including intensity and frequency, and type 
and exact duration of activities. The patients’ records of 
their activities and physical complaints, together with 
their exact duration, were correlated simultaneously with 
the ECG. 

The long-term ECG was then evaluated using the 
Marquette-Holter System. Stored data were processed 
using a complete digital system. The isoelectric point in 
the PQ segment as well as the J and L points (80 or 60 ms 
[dependent on heart rate] after the J point) to measure 
the ST segment was determined individually for each 
patient. The evaluation followed semiautomatically un- 
der visual control. Questionable findings were printed at a 
paper speed of 25 mm/s and measured by the investiga- 
tor. 

In assessing the degree of ST-segment depression, 
intermittent patterns of bundle branch block, aberrant 
conduction, ventricular and supraventricular extreme 
systole were not considered. Horizontal and descending 
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ST-segment depressions of at least | mm in depth 80 ms 
after the J point and lasting at least 1 minute were regard- 
ed as positive for myocardial ischemia. The assessment 
appeared in lead CMS. The intervals of time between any 
2 episodes had to amount to at least 1 minute. 

The following parameters were analyzed in each epi- 
sode: (1) duration, (2) heart rate at the beginning of ST- 
segment depression, and (3) maximal depth of the ST- 
segment depression. 

Exercise electrocardiogram: A symptom-limited ex- 
ercise ECG (bicycle ergometry) was performed in all 
patients in the sitting position. The load was increased in 
steps of 25 W. Common clinical interruptive criteria were 
used.’ Leads I, II, III and V», V4, V« were recorded si- 
multaneously. Arterial blood pressure was measured in 
every phase of stress. The emergence of horizontal or 
descending ST-segment depressions of more than 0.1 mV 
in at least 2 electrocardiographic leads were rated positive 
with regard to myocardial ischemia. 

Determination of left ventricular hypertrophy: The 
dimensions of the left ventricle and the thickness of sep- 
tum and posterior wall were determined by echocardiog- 
raphy. M-mode echocardiograms were obtained from the 
short parasternal view using the 2-dimensional view as a 
quality control on the accuracy of the M-mode registra- 
tion. Measurements were obtained just below the mitral 
valve using the leading edge convention according to the 
recommendations of the American Society of Echocardi- 
ography.° : 

Statistical evaluation: All data in the tables and fig- 
ure are expressed as mean + standard deviation. After 
monitoring variables in compliance with normal distribu- 
tion, the statistical evaluation by means of paired Student 
t tests was performed. Statistically significant differences 
were assumed at p «0.05. 


RESULTS 

In 24 of the 48 hypertensive patients examined, with 
normal coronary angiograms, transient myocardial isch- 
emia was recorded on 24-hour electrocardiographic mon- 
itoring. The patients with and without ST-segment de- 
pressions did not vary in respect to gender, age or levels of 
systolic and diastolic blood pressures (Table I). 

ST-segment analysis: In patients with significant ST- 
segment depression, an average of 12.8 + 13.8 episodes 
with a duration of 2.7 to 240 minutes (48.1 + 69.3 min- 
utes) were found in a total of 306 recorded episodes. The 
heart rate at the onset of electrocardiographic changes 
ranged from 60 to 143 beats/min (Table II). 

Maximal ST-segment depression was 1.91 + 0.82 
(—1 to —3.3 mm). The episodes occurred most frequently 
during the day (Fig. 1). During the night only about 20% 
of the episodes were observed. The episodes of ST-seg- 
ment depression were 95% asymptomatic. 

Left ventricular dimensions: The thickness of the in- 
terventricular septum was 11 + 2 mm in hypertensives 
with and without ST-segment depressions. The thickness 
of the posterior wall of the left ventricle was 10 + 1 mm in 
hypertensives both with and without ST-segment depres- 
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sions. All patients studied had a normal end-diastolic and 
end-systolic diameter of the left ventricle and normal 
fractional shortening. Thus, hypertensives with and with- 
out ST-segment changes did not differ with respect to the 
amount of left ventricular wall thickness or left ventricu- 
lar geometry. 

Exercise tolerance test: All hypertensives without 
transient ST-segment changes (n = 24) had normal re- 
sults during exercise tolerance testing. However, 14 of the 
24 patients with ST-segment changes had a pathologic 
ischemic reaction during the exercise tolerance test such 
as significant ST-segment depressions (Table I). High 
grade ventricular arrhythmias did not occur. Results of 
exercise stress testing were normal in all control persons. 


DISCUSSION 

In the diagnosis of patients with coronary artery dis- 
ease, ST-segment analysis during Holter electrocardiog- 
raphy over a period of 24 hours is an important supple- 
ment to exercise electrocardiography because, under ev- 
eryday conditions, frequent episodes of transient 
myocardial ischemia appear without the accompanying 
symptoms of angina pectoris, i.e., silent ischemia .9-? This 
method of continual ST-segment electrocardiography 
has been used almost exclusively in patients with a diag- 
nosis of coronary artery disease. !!.!3 

Electrocardiographic signs of myocardial ischemia 
without evidence of coronary artery disease appear in 
published reports as so-called “false-positive” findings at 





Maximal Mean Heart Rate 
No. of Duration Duration ST {max at Onset 
Episodes (min) (min) (mm) (beats /min) 


2 A 5.1423 ; 

5 21.5 3.2 + 0.8 as | 

2 3 1.85 + 0.6 FI 90-100 

8 13.4 7.23+6.13 *1 60-110 

4 14.5 3521.8 c2 105-121 

3 9.9 1.5 x 0.6 el 121-143 

2 ; 1.8 + 0.3 -1 113-120 

1 . — The 100 

5 2.7 1.7/8 € 0.5 v D 90-130 

2 5.2 3.95 + 1.8 =l2 100-130 
24 240.5 19.4 x 52.5 72.0 60-70 
10 49.2 11.7 +14.1 T14 90-110 

7 27 12.3 x 10.3 =3 90-130 
20 27.5 13.98 + 26.9 m 70-100 
10 12.53: 127 —2.9 100-130 


40 14.9121.3 v3.7 106 

26 24.2 6.8 +6.65 =3.3 93-101 

27 56 5.33 + 7.0 =2:5 97-129 

40 121 7.5+11.6 12:5 94-105 
9 240 48.56 + 78.6 —3.0 87-155 

40 68.5 7.25412.4 >LES 65-80 

15 7 3.641.8 -15 75-122 
3 18.5 12.0 + 5.9 c2 80-110 


Mean 12.8: 13.2 48.1 + 69.93 9.18: 102 —1.91 € 0.82 
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a frequency of 3 to 8.3%.'* 1° A normal coronary angio- 
gram only excludes a coronary macroangiopathy, so that 
these so-called false-positive findings could well be attrib- 
uted to disturbances of coronary resistance vessels in ad- 
dition to, e.g., rheologically induced coronary insufficien- 
cy. Furthermore, clinical symptoms of a coronary mi- 
croangiopathy do not differ from those of coronary 
macroangiopathy. 

Treis-Müller et al! showed that ischemia-typical ST- 
segment abnormalities, which can be interpreted as 
“false-positive,” appeared in only 670 of 100 healthy per- 
sons. In our own investigations in young healthy (normo- 
tensive) volunteers, we found ST-segment depressions in 
2.5%, which we describe as “false-positive” because of the 
absence of any obvious coronary artery disease. 

Based on reported data!^!6 and our own control 
group, one must assume that approximately 2.5 to 8.370 
of so-called false-positive findings occur in long-term ST- 
segment electrocardiography without evidence of an ana- 
tomically induced coronary insufficiency. 

For the first time we were able to show that in about 
50% of hypertensive patients with a normal coronary 
angiogram, ischemia-typical ST-segment abnormalities 
appeared during Holter monitoring, which were similar 
to the abnormalities observed in patients with coronary 
macroangiopathy with respect to heart rate at the onset of 
the symptoms, their daily variations (Fig. 1), as well as 
duration and extent of ST-segment abnormalities. 

Because the rate of false-positive findings is inaccu- 
rate by 2.5 to 8.3%, it is unlikely that our discoveries in 
hypertensive patients with smooth coronary arteries deal 
with artifacts or nonspecific ST-segment depressions. 
Medication such as digitalis, electrolyte disturbance, hy- 
perventilation, a mitral valve prolapse, transient intraven- 
tricular lead disturbances as well as vegetative influences 
can also lead to ST-segment changes in the ECG. These 
reasons of ST-segment changes were of course excluded 
in our study. 

Accordingly, it is much more likely that the monitored 
episodes are actual evidence of myocardial ischemia re- 
sulting from left ventricular hypertrophy or coronary mi- 
croangiopathy.!-? In advanced left ventricular hypertro- 
phy, downsloping ST-segment changes (“strains”) are a 
frequent finding in the resting ECG. To avoid any impact 
of left ventricular hypertrophy, we included only patients 
without any abnormalities in the resting ECG. Further- 
more, all hypertensives who underwent studies did not 
show significant left ventricular hypertrophy in the echo- 
cardiogram. Hypertensives with ST-segment changes did 
not differ with respect to left ventricular wall thickness 
from those without ST-segment changes. Because left 
ventricular hypertrophy does not explain the frequent 
occurrence of transient ST-segment depressions in hyper- 
tensive patients in this study, vascular alterations in such 
patients may be the underlying reason of the ST-segment 
depressions. In hypertensive patients with a normal coro- 
nary angiogram, coronary regulatory capacity is usually 
markedly diminished.” The minimal coronary resistance 
under maximal vasodilation after administration of dipy- 
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ridamole is about 30 to 5096 higher than in normotensive 
subjects.!3 Morphologic analysis of arteries of animals 
with experimental hypertension (spontaneously hyper- 
tensive rats) have shown hypertrophy of the media, which 
means hypertrophy of smooth muscle cells and an in- 
creased collagen concentration. 7.5 The ratio of the wall 
of the vessel to its lumen is increased.!? Consequently, an 
increase in vascular tone by sympathetic stimulation will 
result in a much higher vascular resistance in hyperten- 
sive modulated resistance arteries through luminal en- 
croachment than would occur in normotensives.”° 

Therefore, the impaired coronary reserve is most 
probably a result of structural changes of the resistance 
vessels in hypertensives. 

Thus, transient variations in the vascular tone due to 
alterations in sympathetic activity could explain the fre- 
quent occurrence of episodes of transient myocardial 
ischemia. This explanation is supported by the finding 
that only in approximately 40% of the hypertensive pa- 
tients who had ST-segment changes during Holter moni- 
toring were ST-segment depressions provokable during 
the exercise tolerance test. Heart rate at the onset of the 
episodes of transient myocardial ischemia during Holter 
monitoring was <100 beats/min in most cases. 

It is possible that the detected episodes of transient 
ischemia reflect impulsive blood pressure peaks. Blood 
pressure peaks might lead to transient increased myocar- 
dial energy demand as a result of increased systolic wall 
stress. Since simultaneously ambulatory blood pressure... 
measurements were not performed this question remains 
unanswered. 

In summary, this study indicates that electrocardio- 
graphic signs of transient myocardial ischemia can be 
frequently observed in hypertensive patients with a nor- 
mal coronary angiogram. The underlying cause seems to 
be the impaired coronary dilation reserve, i.e., vascular 
alterations rather than left ventricular hypertrophy. 
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Blood Rheology as a Contributing 
Factor in Reduced Coronary Reserve 
in Systemic Hypertension 
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IRE ROSTER CUR ce en a NER see 
The influence of blood fluidity on coronary reserve 


in patients with essential hypertension and normal 
coronary arteries was examined. The coronary re- 
serve, expressed as the ratio of coronary vascular 
resistance under resting conditions to the coronary 
vascular resistance after administration of dipyrid- 
amole, was 4.1 + 1.5 in 10 normotensive patients 
with normal coronary arteries, whereas the mean 
value was only 2.4 + 0.8 in 35 hypertensive pa- 
tients. When compared with the normotensive con- 
trol group the 35 hypertensive patients had signifi- 
cantly higher levels of hematocrit (45.9 + 3.7 VS 
42.3 + 3.6; p <0.01) and plasma viscosity (1.39 + 
0.07 vs 1.32 + 0.06 mPas; p <0.01). Plasma fi- 
brinogen (291 + 67 vs 251 + 25 mg/dl) and whole 
blood viscosity at a shear rate of 2 s ! (7.77 + 1.1 
vs 7.21 + 1.28 mPas) and at a high shear rate of 
100 s-! (4.23 + 0.57 vs 3.91 + 0.64 mPas) dem- 
onstrated a trend without statistical significance 
toward higher values in hypertensive patients. 
When the hypertensive group was further divided 
according to the coronary reserve («2.5, severely 
impaired coronary reserve; >2.5 «3.8, moderately 
impaired coronary reserve), the parameters of 
blood fluidity clearly correlated inversely with coro- 
nary reserve. This suggests a major importance of 
rheologic abnormalities on impaired coronary re- 
serve in hypertensive patients. 

(Am J Cardiol 1990;65:56G—-59G) 
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with angina pectoris and abnormal results on exer- 

cise tolerance testing despite normal macroscopic 
coronary arteries.!? The symptoms of angina pectoris in 
these patients are due to a reduced coronary regulation 
capacity or coronary vascular reserve because of structur- 
al and functional alterations at the level of the coronary 
microcirculation.!-3 Many studies *? show that elevated 
levels of plasma fibrinogen, hematocrit and whole body 
viscosity in patients with arterial hypertension further 
aggravate arterial hypertension through an impaired 
blood fluidity. 

A close correlation of parameters of blood viscosity 
and the extent of arterial blood pressure was shown by 
Letcher and co-workers.!° 

Because a high plasma viscosity contributes to a de- 
creased microcirculatory flow in arterial hypertension,*"' 
parameters of blood fluidity need to be established as a 
further prognostic factor to the impairment of coronary 
reserve in patients with essential hypertension and macro- 
scopically normal coronary arteries. 


S ome patients with arterial hypertension present 


METHODS 

Patients: Thirty-five consecutive patients (27 men 
and 8 women, mean age 56 + 8 years [mean + standard 
deviation]) with essential hypertension and angina pecto- 
ris admitted to our institution because of clinically sus- 
pected coronary artery disease were included in this 
study. All patients had normal coronary arteries as dem- 
onstrated on coronary angiography. Blood pressure levels 
were >160 to 95 mm Hg during 3 different measure- 
ments over 2 days. The mean duration of arterial hyper- 
tension from medical history was 8 + 6 years. Thirteen of 
35 patients had echocardiographic evidence of left ven- 
tricular hypertrophy. All antihypertensive medication (8 
blockers [n = 14], calcium channel blockers [n = 22], 
diuretic drugs [n = 6] and angiotensin-converting en- 
zyme inhibitors [n = 7]) was withdrawn at least 48 hours 
before measuring coronary reserve. Patients with diseases 
that might have affected coronary microcirculation such 
as diabetes mellitus, connective tissue disorders and rheu- 
matic polyarthritis were excluded from the study. 

Ten patients (8 men and 2 women, mean age 52 + 8 
years) represented the normotensive control group. Coro- 
nary angiography was performed because of atypical 
chest pain to exclude coronary artery disease and showed 
normal coronary arteries in all patients. None of these 
patients had arterial hypertension or a history of endo- 
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crine, hepatic, renal or hematologic disorders. Arterial 
blood pressure was within normal limits during 3 consec- 
utive measurements. Coronary reserve was determined in 
all patients to exclude coronary microangiopathy. No 
differences were seen in the smoking habits and in the 
lipoprotein levels between both groups. 

Rheologic analysis: At the time of coronary blood 
flow measurement, 20 ml ethylene diaminetetraacetic 
acid and 5 ml citrate blood samples were obtained. Deter- 
mination of the rheologic parameters was completed 
within 2 hours of sample collection. All tests were per- 
formed at 37°C in an oscillating viscosimeter (Anton 
Paar Co., Graz, Austria) according to the method of 
Chmiel.!? This method allows the determination of whole 
blood viscosity and plasma viscosity as well as hematocrit 
by the density method.!? Viscosity parameters were mea- 
sured at shear rates ranging from 0.5 to 150 s~!, compa- 
rable to the velocity gradients in the microcirculation. 
Because plasma is a newtonian fluid known to be inde- 
pendent of shear rates, plasma viscosity was evaluated at 
a shear rate of 2 s~!. Whole blood viscosity was analyzed 
at an instantaneous hematocrit and evaluated at shear 
rates of 100 and 2 s^!. These shear rates represent veloci- 
ty gradients prevailing in high flow arteriolar vessels, or in 
the arteriolar resistance vessels and in the low flow micro- 
circulation. Fibrinogen, as the major determining factor 
of plasma viscosity, was analyzed in aliquots of citrated 
plasma with a commercially available test based on the 
method of Clauss.!4 

Coronary circulation studies: Coronary blood flow 
was measured by means of the argon method with gas- 
chromatographic analysis of argon concentrations in aor- 
tic and coronary sinus venous blood samples.^!5 The 
measurements were performed under resting conditions 
and during maximal coronary vasodilation after intrave- 
nous administration of dipyridamole (0.5 mg/kg body 
weight). Coronary vascular resistance (mm Hg-min- 
100 g-ml~') was determined as the ratio of mean aortic 
pressure and coronary blood flow. Coronary vascular re- 
serve was expressed by the ratio of coronary vascular 
resistance under resting conditions and the minimal resis- 
tance after dipyridamole-induced maximal coronary va- 
sodilation.!-?.!5 

Statistical analysis: All values are expressed as mean 
+ standard deviation. Significant differences between 
Broups were assessed by the analysis of variance (F test). 
A 5% probability of error was postulated. If significant 
differences between groups were found by this analysis of 
variance, the Student ¢ test was applied to compare the 
variables of the 2 groups. The zero hypothesis was reject- 
ed when the p value was «0.05. Correlation coefficients 
(r) for regression analysis between coronary reserve and 
parameters of blood rheology were calculated. Signifi- 
cance was postulated at a probability error of 5%. 


RESULTS 

Coronary blood flow and coronary reserve: Table I 
lists the results of coronary blood flow and coronary re- 
serve in hypertensive and normotensive patients. Where- 
as maximal coronary blood flow in the normotensive 





TABLE I Coronary Flow and Coronary Reserve 


Hypertensive Normotensive 
Patients Patients 
(n = 35) (n = 10) 


Maximal coronary flow 215 + 1441 
(ml/min-100 g)* 
Coronary resistance 
(mm Hg-min-100 g-ml-1) 
Minimal coronary 
resistance 
(mm Hg:min-100 g.ml-1)* 
Coronary reserve 


456 + 172 
1.25 + 0.29 1.16 + 0.28 


0.55 + 0.33! 0.29 + 0.19 


2.44 + 0.8! 4.1 € 1.5 


* After dipyridamole 0.5 mg intravenously. 
t p «0.01. 


group was 456 + 172 ml/min-100 g, it was only 215 + 
144 ml/min-100 g in the hypertensive group (p «0.01). 
The minimal coronary vascular resistance after dipyrida- 
mole was 0.29 + 0.19 mm Hg-min-100 g-ml-! in the 
normotensive group compared to 0.55 + 0.33 mm 
Hg-min-100 g-ml^! in the hypertensive group (p <0.01). 
Coronary reserve was 4.1 + 1.5 in the normotensive pa- 
tients, and 2.4 in the hypertensive group (p «0.01). 

Blood rheology in hypertensive and normotensive 
patients: Hematocrit levels were significantly higher in 
hypertensive patients (45.9 + 3.7 vs 42.3 + 3.6; p <0.01) 
(Table II). In addition, patients with hypertension tended 
to have higher levels of fibrinogen although statistically 
not significant. Plasma viscosity levels were significantly 
(p <0.01) higher in hypertensive patients compared with 
those in normotensive controls (1.39 + 0.07 vs 1.32 + 
0.06 mPas). As a consequence of higher plasma viscosity 
and hematocrit levels in essential hypertension, whole 
blood viscosity levels at high and low shear rates tended to 
increase in the hypertensive group, although statistically 
not significant. 

Blood rheology and coronary reserve: Table III dem- 
onstrates the rheologic parameters of normotensive pa- 
tients with coronary reserve >4.0 and of hypertensive 
patients. The hypertensive patients were divided into a 
group with coronary reserve <2.5 (severely impaired cor- 
onary reserve) and into a group with a coronary reserve of 
2.5 to 3.8 (slightly impaired coronary reserve). Hyperten- 
sive patients with coronary reserve <2.5 had a higher 
hematocrit (46.8 + 2.9 vs 42.3 + 3.6; p <0.01), higher 


TABLE Il Blood Rheology in Hypertensive and Normotensive 
Patients 


Hypertensive Normotensive 
Patients Patients 
(n = 35) (n = 10) 




















Hematocrit (%) 45.9 + 3.7* 42.3+3.6 









Fibrinogen (mg/dl) 291 + 67 291 4 25 

Plasma viscosity 1.39 + 0.07* 1.32 + 0.06 
[mPas] 

Whole blood viscosity 
y72s! 7.77 € 1.1 7.21 € 1.28 
y = 100 s7! 4.23 + 0.57 3.91 + 0.64 
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A SYMPOSIUM: ARTERIAL HYPERTENSION — CARDIAC HYPERTROPHY AND FAILURE 


TABLE Ili Blood Rheology and Coronary Reserve 


Hypertensive Patients 


Normotensive 
Patients 


o ———— a Pág 


Coronary Reserve 


155 + 15/92 4 11* 
46.8 + 2.9* 

301 +73 
1.40 + 0.8* 


Blood pressure (mm Hg) 
Hematocrit (%) 
Fibrinogen (mg/dl) 
Plasma viscosity (mPas) 
Whole blood viscosity (mPas) 
y722s! 
y=100s"! 


7.911 0.9 
4.38 + 0.5 


fibrinogen levels (301 + 73 vs 251 + 25 mg/dl; statisti- 
cally not significant) and elevated plasma viscosity (1.40 
+ 0.08 vs 1.32 + 0.06 mPas; p <0.01) than normotensive 
controls with normal coronary reserve. 

Correlation coefficients for regression analysis be- 
tween coronary reserve and parameters of blood rheology 
showed significant results for the parameters of plasma 
viscosity (r = —0.30, n = 43; y = 1.41x —0.017, p <0.05) 
and hematocrit (r = —0.29, n = 43; y = 46.8x —0.81, p 
<0.05), whereas whole blood viscosity at low shear rates 
(r = —0.23, n = 43; y = 8.11x —0.25) and at high shear 
rates (r = —0.21, n = 43; y = 4.32x —0.09) did not sig- 
nificantly correlate with coronary reserve. 


DISCUSSION 

The main cardiac manifestations of arterial hyperten- 
sion are left ventricular hypertrophy and reduced coro- 
nary vascular reserve.!-? Several structural mechanisms 
such as an inadequate vascular capacity,! reduced ar- 
teriolar diameter secondary to media hypertrophy, !* a 
reduced distensibility and hyperreactivity of precapillary 
resistance vessels!®!’ predispose to the impairment of 
coronary regulation capacity in arterial hypertension. Be- 
side these primarily structural and geometric factors, 
some functional alterations such as elevated vasomotor 
tone!" can also contribute to reduced coronary blood flow 
in cardiac microcirculation of hypertensive subjects. In 
addition, some studies demonstrated that hypertensive 
patients have an impaired blood fluidity.” The prognos- 
tic significance of blood rheology in hypertension involves 
several mechanisms. Elevated blood viscosity can aggra- 
vate arterial hypertension due to an increase of peripheral 
resistance.?!929 The relation of blood pressure, blood 
flow and blood viscosity is described by the law of Hagen- 
Poiseuille, where a direct relation between blood flow and 
pressure gradient as well as the vessel radius is shown. 
Because an inverse relation exists for blood flow and 
vessel length as well as blood viscosity, blood viscosity can 
additionally impair blood flow in coronary microcircula- 
tion. 

Our findings show a clear correlation between the 
reduction of coronary reserve and the amount of rheo- 
logic abnormalities in hypertensive patients. Even minor 
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24.0 
(n = 10) 


>2.5 
(n = 12) 


121+7/83+8 
42.3 + 3.6 

251 +25 

1.32 + 0.06 


156 + 16/92 + 9* 
44.8 + 3.4 
260 + 35 
1.35 + 0.06 


7.213: 1.28 
3.91 + 0.64 


7.58 + 1.07 
4.05 + 0.5 





rheologic alterations?! and fluid-dynamically induced 
maldistribution of red blood cell flow due to local capil- 
lary hemoconcentration?? can result in a critical impair- 
ment of myocardial microcirculation in the presence of 
these primarily vessel-dependent mechanisms. These 
findings suggest a positive feedback mechanism between 
structural, functional and rheologic factors resulting in 
further limitations in coronary regulation capacity. This 
hypothesis is supported by the clinical finding that plas- 
mapheresis in patients with increased plasma viscosity 
due to multiple myeloma significantly reduces plasma 
viscosity and results in an improved coronary reserve.?? 

The clinical relevance of increased plasma viscosity 
and elevated fibrinogen levels is supported by the findings 
of an acute hyperfibrinogenemia and an increase in plas- 
ma viscosity in patients with unstable angina.?^? Ac- 
cording to analyses of regional circulatory blood flow at 
different hematocrit values?6 and according to theoretical 
calculations," increased blood viscosity levels reduce 
blood flow and thereby effect a reduction of the peripher- 
al oxygen release aggravating myocardial ischemia syn- 
ergistically. Circumstantial evidence can be deduced 
from results of a fibrinogen- and viscosity-lowering thera- 
py with low-dose urokinase in patients whose angina is 
resistant to conventional therapy. In these patients, a 
decreased frequency of angina and increased tolerance to 
physical exercise can be seen after fibrinogenolysis with 
urokinase.?* 

The probable mechanism of an increased plasma vis- 
cosity in arterial hypertension is reduction of intravascu- 
lar fluid volume by a transcapillary shift of fluid into the 
interstitial space.2? An elevated capillary hydrostatic fil- 
tration pressure results in plasma-volume contraction and 
hemoconcentration, thereby increasing plasma viscosi- 
ty.530 The alteration in transcapillary fluid exchange may 
result from either inadequate modulation of systemic ar- 
terial pressure by insufficient precapillary sphincters or 
by elevated vascular venous tone.?9?! 

A further conceivable mechanism involves the local 
synthesis of fibrinogen degradation products in precapil- 
lary vessels due to activated interleukines, thus increasing 
hepatic synthesis of fibrinogen and other acute-phase 
proteins.?? | 





In summary, our studies demonstrate that rheologic 
abnormalities in hypertension correlate with the reduc- 
tion of coronary vascular reserve. However, this correla- 
tion need not be causative. Because an abnormal blood 
rheology and structural abnormalities at the level of coro- 
nary resistance vessels independently predispose to myo- 
cardial ischemia, a further decrease in coronary vasodila- 
tor reserve is conceivable by means of a positive feedback 
mechanism. It appears that structural, functional and 
rheologic alterations secondary to arterial hypertension 
may not only add to but also potentiate the pathologic 
impact of each individual mechanism on coronary circu- 
lation. 
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Differential Therapy of Hypertensive 
Heart Disease 


Wolfgang H. Motz, MD, and Bodo E. Strauer, MD, FESC 


Hypertensive damage to the target organ “‘heart’’ 


comprises the sum and interactions of the cardiac 
organ manifestations of arterial hypertension such 
as myocardial hypertrophy and disease of large 
and small coronary arteries. Because the prognosis 
of arterial hypertension is determined to a consid- 
erable extent by these cardiac complications, the 
aim of treatment of hypertensive heart disease is 
reversal of the myocardial hypertrophy in order to 
prevent later progression to hypertensive heart fail- 
ure. A further goal of therapy is reversal of the hy- 
pertensive small coronary disease in order to im- 
prove the coronary reserve. Once the stage of hy- 
pertensive heart failure is reached, the principles of 
medical management of heart failure with digitalis, 
diuretics and angiotensin-converting enzyme inhibi- 
tors apply. 

Whereas the evidence that regression of hyper- 
trophy can be induced by suitable antihypertensive 
drugs (calcium channel blockers of the dihydropyri- 
dine type, angiotensin-converting enzyme inhibitors 
and sympathicolytic substances) is practically con- 
clusive, clinical evidence of reversal of the hyper- 
tensive disease of small coronary arteries has yet 
to be provided. Moreover, to what extent the prog- 
nosis of hypertensive heart disease can be im- 
proved by reversal of hypertrophy is still unknown. 

(Am J Cardiol 1990;65:60G-64G) 
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ypertensive target organ damage to the heart 
Hoe. with regard to prognosis, is one of the 

most serious complications of arterial hyperten- 
sion, comprises myocardial hypertrophy and disease of 
the large and small coronary arteries. 

The Framingham study! has demonstrated the associ- 
ation between arterial hypertension, left ventricular hy- 
pertrophy and the incidence of heart failure. In 75% of all 
persons in whom heart failure developed, arterial hyper- 
tension was the underlying disease. Coronary artery dis- 
ease, cardiomyopathies, inflammatory heart disease and 
valvular defects were found in the remaining 25%. Pa- 
tients with hypertension and definite signs of left ventric- 
ular hypertrophy in the electrocardiogram had a 10-fold 
greater risk of developing heart failure than hypertensive 
patients without electrocardiographic signs of hypertro- 
phy. 

Investigations in patients with left ventricular pres- 
sure or volume overload showed that, despite extremely 
marked myocardial hypertrophy, left ventricular func- 
tion is not impaired as long as systolic wall stress, i.e., left 
ventricular afterload, is not increased.” As a result of the 
increase in wall thickness, the systolic wall tension re- 
mains normal—at least initially—despite excessively 
high systolic ventricular pressures.^? At the same time 
the myocardial oxygen consumption of these hypertro- 
phied hearts per unit weight of myocardium remains 
normal.^ However, when progressive ventricular dila- 
tion leads to an increase in wall stress, the left ventricular 
ejection fraction decreases in inverse proportion to the 
increase in wall stress.^?? An increase in myocardial en- 
ergy consumption per unit weight of myocardium corre- 
sponding to the increase in wall tension, i.e., in afterload, 
then ensues.” 

In hypertensive cardiac hypertrophy the coronary re- 
serve is already appreciably reduced even in the absence 
of any stenosis of epicardial coronary arteries.” Probably 
as a result of media hypertrophy® of the coronary resis- 
tance vessels'-?—an adaptive structural process analo- 
gous to myocardial hypertrophy—the minimal coronary 
resistance after intravenous administration of dipyrida- 
mole is increased by about 3090.??.!? The coronary re- 
serve of the hypertensive heart, which is a ratio of coro- 
nary resistance at rest to minimal resistance after maxi- 
mal coronary dilation, is correspondingly reduced. Thus, 
even in patients with hemodynamically compensated hy- 
pertension and a normal coronary angiogram there is 
already a predisposition toward myocardial ischemia. 
The clinical manifestation of the reduced coronary re- 
serve is anginal pain in the hypertensive patient with a 
normal coronary angiogram. Recently, it has been dem- 
onstrated, that in the Holter electrocardiogram, events of 
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silent ST-segment depressions were found in about 50% 
of hypertensive patients without left ventricular hypertro- 
phy, indicating myocardial ischemia despite smooth epi- 
cardial coronary arteries, !! 

Because arterial hypertension is an important risk 
factor for coronary artery disease, patients with hyperten- 
sive heart disease are often found to have concomitant 
coronary artery disease.!2.!2 However, coronary artery 
disease is a separate nosologic entity and should therefore 
be distinguished from hypertensive heart disease even if 
clinical symptoms such as angina pectoris are often simi- 
lar or even identical in both diseases. 

Provided the course is sufficiently protracted, left ven- 
tricular hypertrophy is followed almost regularly by ven- 
tricular dilation and heart failure. Preventive drug thera- 
Py or reversal of hypertensive cardiac hypertrophy are 
thus almost synonymous with causa] therapy of hyperten- 
sive heart failure. 

Because the impaired Coronary regulatory capacity 
due to functional or structural alterations of the small 
coronary arteries predisposes toward symptomatic or si- 
lent myocardial ischemia, drug therapy should also aim 
at improving coronary reserve through regression of ab- 
normalities within the coronary microcirculation. Ac- 
cordingly, long-term treatment of the hypertensive heart 
has to focus regression of both left ventricular hypertro- 
phy and microvascular abnormalities. 

Reversal of left ventricular hypertrophy: Clinical 
- Studies have shown that not all forms of antihypertensive 
therapy lead to regression of myocardial hypertrophy. 
After chronic treatment with diuretics no reversal of car- 
diac hypertrophy was demonstrated even though arterial 
blood pressure was reduced to normotensive levels. !3.!4 
Treatment with the phatalazine derivate trimazosin, a 
substance related to hydralazine, likewise produced no 
regression of cardiac hypertrophy despite decreasing 
blood pressure. !5 

When methyldopa was given in addition to ongoing 
diuretic treatment, some of the patients examined by 
Fouad et al!6 showed a significant reduction in muscle 
mass unrelated to pressure, without further reduction of 
blood pressure. During therapy with enalapril,!7.!8 dihy- 
dropyridines,!?29 prazosin?! and clonidine?! the reduction 
. in blood pressure was paralleled by regression of cardiac 
hypertrophy. 

The spectrum of action of antihypertensive pharma- 
cotherapy on myocardial hypertrophy thus ranges from 
complete absence of effect, through a largely pressure- 
related decrease in muscle mass (enalapril, dihydropyri- 
dines, prazosin) to a pressure-unrelated reversal of myo- 
cardial hypertrophy (methyldopa) (Fig. 1, Table I). This 
discrepancy between the extent of reduction in arterial 
blood pressure and the regression of myocardial hypertro- 
phy suggests that, apart from arterial blood pressure, the 
degree of left ventricular hypertrophy is also governed by 
other factors such as sympathetic tone,?? influence of the 
renin-angiotensin-aldosterone system2324 and structural 
changes in the myocardium.25 

Influence of the sympathetic nervous system on 
myocardial hypertrophy: Increases in heart rate and 
myocardial contractility as a result of pressure and vol- 
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ume overload could be mediated through sympathetic 
innervation of the heart.?6 Laks?” described norepineph- 
rine as a myocardial hypertrophy hormone because 
chronic infusion of subhypertensive doses of norepineph- 
rine in the dog led to left ventricular hypertrophy. Simp- 
son^* was able to show that norepinephrine stimulates the 
growth of isolated cultered myocardial cells through a 
receptors. Despite effecting a marked reduction in blood 
pressure, diuretics do not lead to regression of cardiac 
hypertrophy!?'!^ but do stimulate the sympathetic ner- 
vous system.?? Because catecholamines appear to play a 
trophic role in the development of hypertrophy, the in- 
creased sympathetic tone could be responsible for the 
failure of diuretic therapy to produce reversal of hyper- 
trophy. 13.14.27 

As already mentioned, trimazosin, a substance related 
to hydralazine, also leads to stimulation of the sympathet- 
ic nervous system. This substance was also unable to 
induce regression of hypertrophy under clinical condi- 
tions.'> On the other hand, a decrease in the level of 
circulating norepinephrine as a result of additional ad- 
ministration of methyldopa!6 was paralleled by a pres- 
sure-unrelated decrease in left ventricular muscle mass 
without a further reduction in blood pressure. 

A further indication of the trophic role of the sympa- 
thetic nervous system is provided by the finding that 
treatment with clonidine was followed by a marked de- 
crease in left ventricular muscle mass in relation to the 
reduction in blood pressure.?! 

Treatment with B-adrenergic antagonists should also 
encourage regression of hypertrophy because of their 
blockade of myocardial 8 receptors. Wikstrand et al,3° 
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TABLE | Summary of Studies on Regression of Hypertensive 
Hypertrophy 























Systolic 

Duration LV Blood 

of Therapy Muscle Pressure 
Substance (months) Mass (%) (96) Investigator 

Beta-Receptor Blockers 
Atenolol 12 —12 — Sau?! 
Acebutolol 24 0 —15 Sau?! 
Metoprolol 18 —16 —17 Corea?? 
Timolol 4 —10 —12 Rowlands?? 
Calcium Channel Blockers 

Nifedipine 6 -11 -11 Strauer!? 
Nitrendipine — 12 —14 —12 Vogt?? 


Sympatholytic Drugs 


Clonidine 6 —19 —10 Strauer?! 
Methyldopa 9 —35 0 Fouad! 


Vasodilators 


















Prazosin 6 —14 —14 Strauer?! 
Trimazosin 18 +1 -9 Drayer!® 
Hydrochloro- 18 -3 -18 Wollam!^ 
thiazid 
Hydrochloro- 12 —4 -11 Motz! 
thiazid and 
triamterene 
Angiotensin-Converting Enzyme Inhibitors 
Enalapril 7 —12 —21 Nakashima!? 
Enalapril 9 —12 —12 Motz!” 





however, were only able to demonstrate very protracted 
regression of hypertrophy after 12 months’ treatment 
with metoprolol, whereas other investigators described 
regression of cardiac hypertrophy after treatment with 6- 
receptor blockers.?! ?? 

The intrinsic sympathomimetic activity appears to 
play an important role in the reversal of cardiac hypertro- 
phy during treatment with B-adrenergic antagonists. 
Treatment for 12 months with acebutolol, a 6 blocker 
with intrinsic sympathomimetic activity, did not produce 
any regression of cardiac hypertrophy, but when therapy 
in the same patients was switched to atenolol, a 6 blocker 
without intrinsic sympathomimetic activity, there was 
regression of cardiac hypertrophy while blood pressure 
remained at comparable levels.*! 

The controversial role of the 6-adrenergic antagonists 
in the clinical therapeutic reversal of cardiac hypertrophy 
could also be due to the fact that the norepinephrine- 
mediated growth of isolated myocytes can only be pre- 
vented by blockade of a receptors and not of 6 recep- 
tors.?? 

Effect of renin-angiotensin-aldosterone system on 
myocardial hypertrophy: Because antihypertensive 
treatment with an angiotensin-converting enzyme (ACE) 
inhibitor, in contrast to diuretic treatment, ?:!^ leads to 
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regression of cardiac hypertrophy, ^? it is possible that 
the elevated levels of angiotension II regularly found dur- 
ing diuretic treatment also have a trophic effect. The 
increase in circulating renin with diuretic treatment is 
certainly not relevant for the development of left ventric- 
ular hypertrophy because regression of cardiac hypertro- 
phy takes place during ACE inhibitor treatment despite 
regularly raised renin levels. Devereux et al?^ also found 
that in hypertensives there is no correlation between the 
extent of left ventricular hypertrophy and the plasma 
renin level. 

Left ventricular hypertrophy as a consequence of clip- 
ping the abdominal aorta can be completely prevented 
through treatment with an ACE inhibitor^ This sug- 
gests a strong trophic role of angiotensin II and the corre- 
sponding atrophic effects of inhibiting the cardiac angio- 
tensin system. Sen et al’? also reported that angiotensin II 
stimulates myocardial protein biosynthesis. Because an- 
giotensin II enhances the effects of the sympathetic tone 
due to its peripheral and central action on the autonomic 
nervous system and stimulates catecholamine secretion 
by the adrenal medulla, the observed trophic action of 
angiotensin II could be mediated secondarily by catechol- 
amines. A special angiotensin II analog that does not lead 
to release of catecholamines has no effect on myocardial 
hypertrophy either.?? 

Genetic determination of myocardial hypertrophy: 
When left ventricular hypertrophy is diagnosed in the 
echocardiogram or ventriculogram, an additional patho- 
logic, genetically determined form of hypertrophy such as 
hypertrophic obstructive or hypertrophic nonobstructive 
cardiomyopathy can never principally be ruled out. Pro- 
nounced asymmetric septal hypertrophy is, however, also 
seen in about 14% of hypertensives?? so that asymmetric 
left ventricular hypertrophy is not specific for hypertro- 
phic cardiomyopathy with or without obstruction. On 
account of its larger radius of curvature, the ventricular 
septum appears to hypertrophy earlier and more marked- 
ly in response to an increased systolic pressure load than 
does the posterior or anterior wall. The higher regional 
concentration of catecholamines in the ventricular sep- 
tum might also be a possible explanation for the high 
prevalence of septal hypertrophy in hypertensives.?6 

Because essential arterial hypertension is genetically 
determined, the capacity of the heart to respond with 
hypertrophy might also be, at least in part, genetically 
determined. Accordingly, the process of left ventricular 
hypertrophy in response to a hypertensive ventricular 
load could be genetically enhanced. Every case of hyper- 
tensive cardiac hypertrophy could contain an individually 
varying genetic component which might help to explain 
the varying responses of the myocardium to antihyperten- 
sive treatment in different patients. 

Structural changes in hypertrophied myocardium: In 
the course of cardiac hypertrophy, marked structural 
changes take place in the myocardium which might no 
longer be amenable to the molecular processes involved in 
regression of hypertrophy. The progressive increase in 
myocardial connective tissue in the course of the hyper- 
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trophy might be a particular hindrance to potential re- 
gression processes.”°3” Investigations in patients with val- 
vular aortic stenosis after aortic valve replacement 
showed that, on account of collagen persistence, regres- 
sion of myocardial hypertrophy can be accompanied by a 
relative increase in the amount of connective tissue.38 
Thus, myocardial fibrosis may be responsible for failure 
to achieve reversal of hypertrophy. 

Differential treatment of hypertensive heart disease: 
Hypertensive heart disease is characterized by the sum 
and interactions of the hypertensive damage to the target 
organ “heart,” i.e., myocardial hypertrophy and disease 
of large and small coronary arteries. Depending on the 
degree and type of left ventricular hypertrophy (concen- 
tric, eccentric), and of the coronary organ manifestations 
(disease of large and small coronaries), there are specific 
constellations of ventricular and myocardial function, 
coronary hemodynamics and myocardial energetics that 
require appropriate differential forms of therapy. If there 
is only arterial hypertension with no evidence for cardiac 
organ manifestations such as left ventricular hypertrophy 
and impaired coronary reserve, arterial hypertension 
should be treated in accordance with conventional antihy- 
pertensive therapy. Because of the later development of 
myocardial failure, from the cardiac point of view, anti- 
hypertensive treatment in asymptomatic, hemodynami- 
cally compensated left ventricular hypertrophy is largely 
preventive in character. The aim of the therapeutic mea- 
~ sures is to reverse both myocardial hypertrophy and dis- 
ease of the small coronary arteries. Improvement of left 
ventricular function is not a goal in this form of hypertro- 
phy, in which ventricular function is in the normal or 
upper normal range.?? With regard to ventricular geome- 
try, this form of hypertrophy is characterized by a high 
mass-to-volume ratio and normal systolic wall stress, i.e., 
afterload.” 

Antihypertensive treatment in this form of hypertro- 
phy should use substances that are capable of reversing 
the cardiac hypertrophy. As a first step, an ACE inhibitor 
or, alternatively, a calcium channel blocker should be 
administered. If none of these substances alone leads to 
normotension or regression of cardiac hypertrophy, a 
combination of these 2 substance groups—ACE inhibitor 
* and calcium channel blocker—is indicated as a second 
step. If combination therapy does not lead to regression of 
the cardiac hypertrophy either, addition of a sympatho- 
lytic substance such as methyldopa or clonidine is indicat- 
ed as a third step (Table II). 

This stepped-care approach to the treatment of hyper- 
tensive cardiac hypertrophy inevitably differs from a 
treatment schedule designed primarily to control hyper- 
tension with a minimum of side effects and good subjec- 
tive tolerance. Since diuretics effectively reduce blood 
pressure but are not very effective with regard to reversal 
of hypertrophy, their role in the treatment of hypertensive 
cardiac hypertrophy is only a minor one. However, sub- 
Stances such as ACE inhibitors and calcium channel 
blockers are antihypertensives of choice in the treatment 
of the hypertensive heart. 








TABLE Il Stepped Care of Hypertensive Hypertrophy 


First Step Second Step Third Step 







Alpha-methyldopa 
or clonidine 
ACE inhibitor ACE inhibitor 
ACE inhibitors Calcium channel Calcium channel 
or calcium blocker blocker 





channel blocker 


ACE = angiotensin-converting enzyme. 


If there is angiographic evidence of coronary artery 
disease, revascularization procedures such as balloon di- 
lation or aortocoronary bypass surgery must be per- 
formed if indicated. Otherwise, drug treatment of coro- 
nary artery disease with 8 blockers, calcium channel 
blockers and nitrates is indicated. 

If the coronary angiogram is normal and the resting 
electrocardiogram or results of the exercise tolerance test 
are abnormal, hypertensive disease of the small coronary 
arteries must be assumed to be the cause of the anginal 
symptoms. Hypertensive small-vessel disease can be diag- 
nostically confirmed by measurement of the coronary 
reserve.^?.? Improvement of symptoms can be achieved 
with antianginal substances such as B-receptor blockers, 
calcium channel blockers and nitrates. In this form of 
hypertensive cardiac disease, reversal of myocardial hy- 
pertrophy as treatment of the underlying disease should 
also be attempted. Thus, the primary form of treatment 
for this type of hypertensive heart disease is again the 
stepped-care approach of cardiac hypertrophy (Table IT), 
which should be combined primarily with antianginal 
substances such as blockers and nitrates for symptom- 
atic relief. 

In addition to reversing hypertrophy, drug therapy 
should also aim at regressing the structural and function- 
al abnormalities of the small coronary resistance arteries. 
If this can be accomplished under clinical conditions with 
antihypertensive drugs (which are to be identified in the 
future), a further step on the way to causal therapy of 
hypertensive heart disease will be realized. Until now only 
experimental data obtained in spontaneously hyperten- 
sive rats have shown that antihypertensive treatment with 
the calcium channel blocker felodipine can regress media 
hypertrophy of coronary resistance arteries.?? If clinical 
symptoms and signs of congestive heart failure occur, 
eccentric left ventricular hypertrophy with impaired left 
ventricular function is present. In this form of hyperten- 
sive heart disease the therapeutic principles of the medi- 
cal management of heart failure apply.‘ Digitalis glyco- 
sides and positive inotropic substances are used to en- 
hance myocardial contractility and reduction of left 
ventricular afterload by lowering total peripheral vascu- 
lar resistance; reduction of left ventricular diastolic vol- 
ume leads to an improvement in global left ventricular 
function. In contrast to concentric hypertrophy, at this 
stage of hypertensive heart disease, reversal of the hyper- 
trophy is no longer attempted because continued reduc- 
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A SYMPOSIUM: ARTERIAL HYPERTENSION — CARDIAC HYPERTROPHY AND FAILURE 


tion in wall thickness would further increase the already 
elevated systolic wall stress in the left ventricle and thus 
further impair left ventricular function and increase myo- 
cardial oxygen consumption. 
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Direct Vascular and Myocardial 
Effects of Nisoldipine 


Wolfgang Kiowski, MD, Matthias Pfisterer, MD, and Felix Burkart, MD 


The effects of the dihydropyridine calcium antago- 


nist nisoldipine on vascular smooth muscle and 
myocardium were investigated by brachial artery 
infusions and measurements of forearm blood flow 
and by intracoronary infusions and measurements 
of maximal rate of rise of left ventricular pressure 
(dP /dt,,ax). Brachial artery infusions (0.1 to 16 ug/ 
min/1,000 mi tissue) in 10 patients with essential 
hypertension increased forearm blood flow and de- 
creased calculated forearm vascular resistance 
dose dependently (maximal reduction of forearm 
vascular resistance 88%). A comparison with the 
vascular effects of verapamil indicated that the va- 
sodilator potency of nisoldipine is approximately 
40- to 50-fold greater in this model supporting sim- 
ilar results from in vitro experiments. Coronary ar- 
tery infusions of nisoldipine (12, 24 and 48 yg over 
3 minutes each) in 9 patients undergoing diagnostic 
left-sided cardiac catheterization did not change 
dP/dtmax- This lack of effect on left ventricular con- 
tractility was similar in patients with normal or im- 
paired left ventricular function. Even though the 
coronary artery concentrations during the infusion 
are unknown, the highest intracoronary dose was 
comparable to the highest brachial artery infusion. 
Since the coronary vasculature has been found to 
be at least as sensitive to nisoldipine as the periph- 
eral vasculature, it can be assumed that nisoldipine 
has no negative inotropic effect even in dosages 
that probably induced marked vasodilation. Thus, 
for nisoldipine and possibly other new dihydropyri- 
dine calcium antagonists, the concept of a dissocia- 
tion between peripheral vasodilatation and direct 
myocardial effects also seems to apply to human 
circulation and the heart. 

(Am J Cardiol 1990;65:65G-69G) 
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common main cellular mechanism of action, e.g., 

an inhibition of transmembraneous calcium influx, 
differences exist in vitro with respect to the pharmacolog- 
ic potencies of verapamil-, diltiazem- and dihydropyri- 
dine-type calcium antagonists in vascular smooth muscle 
and myocardium. Dihydropyridine calcium antagonists 
are more potent with respect to vascular smooth muscle 
relaxation than either diltiazem or verapamil while hav- 
ing less negative inotropic effects. These experimental 
findings are reflected to some degree in the clinical obser- 
vation that systemic administration of nifedipine is rarely 
associated with a demonstrable negative inotropic effect, 
whereas a worsening of cardiac function can be observed 
more readily with the other type calcium antagonists.>-5 
However, this difference can at least partly be attributed 
to the pronounced vasodilatation and sympathetic reflex 
activation after administration of nifedipine counteract- 
ing its direct negative inotropic effects, and there is clini- 
cal evidence for a negative inotropic effect at least in some 
patients given nifedipine.®’ The negative inotropic poten- 
tial of nifedipine is also readily demonstrable after intra- 
coronary administration.* The development of new dihy- 
dropyridine calcium antagonists, which like nisoldipine 
exhibit in vitro a higher selectivity for vascular smooth 
muscle than nifedipine, has reopened the debate as to 
whether a calcium-antagonist action can be limited to 
vascular smooth muscle. Although clinical studies have 
suggested that nisoldipine has little, if any, negative ino- 
tropic effects,?!° the possibility that sympathetic reflex 
activation compensated a negative inotropic effect cannot 
be excluded in these studies. Because of the potential 
importance of this issue we therefore determined the va- 
sodilating potencies of differing calcium antagonists and 
evaluated the direct myocardial effects of nisoldipine in 
humans. 


E: though all calcium antagonists share the 


METHODS 

Vasodilator effects of nisoldipine: The vasodilator ef- 
fects of nisoldipine were investigated in 10 male subjects, 
aged 30 to 66 years (mean 51) with mild to moderate 
essential hypertension. Hypertensive patients were cho- 
sen because resistance vessels from these patients were 
shown to be more dependent on calcium influx-mediated 
vasoconstriction than resistance vessels from normoten- 
sive subjects.'!:! Patients were either previously untreat- 
ed or withdrawn from any medication for at least 2 weeks. 
Sitting blood pressure without therapy was 182.5 + 21.6 / 
108.7 + 11.4 mm Hg. The study protocol was approved 
by the hospital ethics committee and all patients gave 
informed consent. The model of intraarterial drug infu- 
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sion into the forearm was used to assess the drug’s effects 
on vascular resistance independent of systemic hemody- 
namic effects and possible counterregulatory reflexly me- 
diated hemodynamic changes. Details of the procedure 
have been described.!? In short, the brachial artery of the 
nondominant arm is cannulated for direct measurement 
of blood pressure and intraarterial drug infusion. Fore- 
arm blood flow is measured by venous occlusion plethys- 
mography with the hand excluded from the circulation 
during measurements by inflation of a pediatric blood 
pressure cuff to a suprasystolic pressure. Four to 6 mea- 
surements are recorded every minute and averaged for 
analysis. Forearm blood flow was measured at rest and 
during the third minute of brachial artery infusions of 
ascending dosages of nisoldipine (0.1, 0.2, 0.4, 1.0, 2.0, 
4.0, 8.0 and 16.0 ug/min/1,000 ml forearm tissue) deliv- 
ered by a constant speed infusion pump. The time sched- 
ule was chosen after preliminary results had shown that 
blood flow increased rapidly in the first minute of infusion 
and was constant from the second minute onward. After 
the last infusion, forearm blood flow was allowed to re- 
turn to control levels (30 to 60 minutes). Then, verapamil 
(800 ug/min/1,000 ml forearm tissue) was infused and 
forearm blood flow recorded in an identical way. The 
dose of verapamil was chosen based on previous experi- 
ence that this is the maximal dose that can be given 
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without significant systemic hemodynamic effects.!! 
Forearm vascular resistance was calculated by dividing 
mean arterial pressure and forearm blood flow (expressed 
in units). 

Myocardial effects of nisoldipine: The direct myocar- 
dial effects of nisoldipine were assessed in 9 patients (8 
men and 1 woman, aged 41 to 61 years, mean 50) admit- 
ted for left-sided cardiac catheterization. Four patients 
had normal left ventricular function (left ventricular ejec- 
tion fraction >60%, left ventricular end-diastolic pressure 
«15 mm Hg) and 5 had impaired left ventricular func- 
tion (left ventricular ejection fraction 18 to 47% [mean 
33%], mean left ventricular end-diastolic pressure 27 mm 
Hg). The study protocol was approved by the hospital 
ethics committee and all patients gave informed consent. 
The influence of nisoldipine on left ventricular contractil- 
ity was measured by infusions of the drug into the left 
coronary artery and measurement of the maximal rate of 
rise of left ventricular pressure (dP/dtmax, mm Hg/s). In 
analogy to the forearm infusion model, this approach 
allows the administration of drugs in concentrations high 
enough to cause an effect in the coronary vasculature or 
the myocardium, or both, without eliciting systemic he- 
modynamic effects and, thus, reflexly mediated circula- 
tory changes. Thus, changes of contractility after intra- 
coronary administration of a calcium antagonist can be 


FIGURE 1. Effects of bra- 
chial artery infusions on 
forearm blood flow (top 
panel) and forearm vas- 
cular resistance (bottom 
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FIGURE 2. Comparison of maximal 
forearm vasodilator responses to nisol- 
dipine (16 yg/min/1,000 ml tissue) and 
verapamil (800 yg/min/1,000 ml tis- 
sue) in 10 patients with essential hy- 
pertension. Although the maximal ef- 
fects were comparable, this was 
achieved for nisoldipine at approxi- 
mately one-fiftieth the dose of verapa- 
mil. 


resistance 
(%) 


ascribed to the direct myocardial effects of a drug as long 
as systemic hemodynamics remain unchanged. Nisoldi- 
pine was infused in 3 dosages (12, 24 and 48 ug given over 
3 minutes each) using standard catheters. The position of 
the catheter within the left coronary ostium was checked 
after every infusion by injection of a small amount of 
contrast medium. Left ventricular pressures and dP/ 
dtmax were measured in the last minute of the constant 
rate infusion. Pressures and dP /dtmax were measured be- 
fore and during the last minute of each infusion using a 
pigtail type high-fidelity catheter tip micromanometer 
(Sentron®) in the left ventricle and a Micor® cardiac 
catheterization computer system. 

Statistics: All values are given as mean + standard 
deviation as an index of dispersion. Analysis of variance 
for repeated measurements was used to assess the effects 
of brachial and coronary artery infusions on forearm 
hemodynamics and myocardial contractility, respective- 
ly. Student paired ¢ test was used for comparison of the 
effects of nisoldipine and verapamil on forearm hemody- 
namics. 


RESULTS 

The effects of brachial artery infusions of nisoldipine 
on forearm blood flow and calculated forearm vascular 
resistance, respectively, are shown in Figure 1. Forearm 
blood flow increased significantly (p «0.001) and dose 
dependently from 3.01 + 1.0 at baseline to 28.8 + 18.4 





FIGURE 3. Correlation between baseline 
(Control) left ventricular maximal rate of 
pressure rise (LV dP/dt,,,,) and values ob- 
tained after intracoronary (ic) infusion of ni- 
soldipine (48 ug over 3 minutes) in 9 patients. 
close correlation between both mea- 


surements, that the regression line has a 
slope of 1 and that the y-intercept is almost 
0, indicating a lack of effect on left ventricular 
contractility. 
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ml/min/100 ml tissue after the highest dose of nisoldi- 
pine was administered, and forearm vascular resistance 
decreased by a maximum of 88.1 + 7.2%. Figure 2 shows 
the comparison between the effects on forearm vascular 
resistance of maximal regionally active dosages of nisol- 
dipine and verapamil. Both drugs decreased forearm vas- 
cular resistance to a similar degree; however, this was 
achieved for nisoldipine at a dosage of approximately 
one-fiftieth the verapamil dosage. 

Intracoronary administration of nisoldipine did not 
influence dP/dtmax at any of the dosages given. Figure 3 
shows that a good agreement existed between control 
values of dP/dtmax and those found after the highest dose 
of intracoronary nisoldipine, with the regression line vir- 
tually identical with the line of identity. A lack of effect 
on left ventricular contractility is also suggested by the 
finding that there was no difference between individual 
changes of dP/dtmax in patients with normal compared to 
patients with impaired left ventricular function and that 
no correlation was found between left ventricular ejection 
fraction and the individual changes of dP/dtmax. 


DISCUSSION 

Our results in patients are in good agreement with in 
vitro and animal experiments indicating that the dihydro- 
pyridine calcium antagonist nisoldipine is a very potent 
arterial vasodilator which exhibits its vasodilating effects 
at much lower concentrations than, e.g., verapamil or 
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diltiazem.'-!4 Although comparison of the effects of nisol- 
dipine and verapamil in our patients supports this conclu- 
sion, the study design does not allow an exact comparison 
of the respective vasodilator potencies. However, the cal- 
culation of the dosages resulting in a half maximal effect 
of nisoldipine in this study and of verapamil in another 
study!! also shows that nisoldipine is approximately 40 
times more potent than verapamil in the human forearm 
model. Whereas most in vitro data have been obtained in 
muscle strips from large arteries or veins, our findings 
reflect changes in vascular resistance of the forearm vas- 
culature. Thus, these results extend the in vitro findings 
and indicate that pharmacologic differences between var- 
ious calcium antagonists also apply to human resistance 
vessels. 

Pharmacologic potency in itself, on the other hand, is 
not necessarily important for clinical practice since a low 
potency can be overcome by increased dosage. Most im- 
portant, our results also suggest that the in vitro findings 
of a dissociation between vasodilating effects and direct 
myocardial effects of nisoldipine!? appear to hold true for 
humans. Thus, nisoldipine did not result in detectable 
changes of left ventricular dP /dtmax during intracoronary 
administration. This was also true in patients with im- 
paired and, in some cases, severely impaired left ventricu- 
lar function in whom a negative inotropic effect of a drug 
should be most easily discernible. This finding distin- 
guishes nisoldipine from the dihydropyridine prototype 
nifedipine, which has been shown previously to exert a 
negative inotropic effect in some patients.5^? Further- 
more, the approach of intracoronary drug administration 
has previously shown that nifedipine clearly has a nega- 
tive inotropic effect.® 

Which measurement should be used for the assess- 
ment of the contractile state of the myocardium?. We 
chose the dP/dtmax as an index of left ventricular contrac- 
tility. This measurement, when obtained with high-fideli- 
ty catheter-tip micromanometers, allows a fairly reliable 
assessment of acute changes of contractility as long as 
loading conditions do not change.!6!7 Since left ventricu- 
lar pressures did not change and loading conditions, most 
likely, were unchanged too, these measurements probably 
are reliable and the conclusions derived from it valid. The 
most important open question, however, concerns the dos- 
age of the intracoronary nisoldipine infusion. Because 
coronary arterial concentrations cannot be measured in 
humans and because we did not measure drug concentra- 
tions in the venous drainage of the heart, there is some 
uncertainty about the effective coronary concentrations 
of the drug. However, if one assumes a flow of 200 to 300 
ml/min in the left coronary artery, it follows that an 
infusion of 16 ug/min would result in an approximate 
arterial concentration of 50 to 80 ng/ml. This is much 
greater than the 5 to 10 ng/ml venous blood concentra- 
tions seen with oral treatment.!* Furthermore, when one 
estimates the concentration of nisoldipine in the forearm 
vessels during brachial artery infusion of the highest dose 
(e.g., 16 ug/min at a flow of approximately 280 ml/min 
for an average 1,000 ml forearm tissue), the approximate 
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concentration would be in the range of 50 to 60 ng/ml. 
Thus, similar concentrations probably were present in 
both the peripheral and the coronary arteries. Even if 
these calculations do not precisely reflect the effective 
concentrations, they nevertheless indicate that the intra- 
coronary dose should have been sufficient to almost cause 
maximal vasodilatation of the coronary vasculature. Al- 
though we did not measure coronary blood flow, this 
contention is supported by a similar sensitivity of coro- 
nary and peripheral resistance vessels observed in previ- 
ous studies. Nisoldipine, therefore, does not seem to influ- 
ence myocardial contractility to a measureable degree in 
dosages much higher than those needed for a vascular 
effect with oral therapy. 

It is not clear which mechanism(s) is (are) responsible 
for this apparent vascular selectivity. All dihydropyridine 
calcium antagonists have some phosphodiesterase inhibi- 
tor activity,!? although high dosages are required. It is 
conceivable that this effect may counteract the negative 
inotropic effects of the drug’s calcium channel blocking 
activity in the myocardium while at the same time lead- 
ing to even more marked vascular smooth muscle relaxa- 
tion and vasodilatation. Although this is an attractive 
hypothesis, there is no proof for it. 

Taken together, our results suggest that the concept of 
a dissociation between arterial vasodilating and direct 
myocardial effects of the newer dihydropyridine calcium 
antagonists also applies to the human circulation and the 
heart. These data help to explain the beneficial hemody- 
namic findings seen after administration of nisoldipine in 
patients with congestive heart failure!? and lend further 
support to the view that calcium antagonists with a high 
selectivity for vascular smooth muscle, e.g. nisoldipine, 
may be used as afterload reducing agents in patients with 
impaired left ventricular function, particularly with un- 
derlying ischemic heart disease. 
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SEITE DETRAS TUDIN RESUME EUN 
Cardiac function in myocardial infarction (MI) de- 


pends on the extent of damage in ischemic myocar- 
dium and the compensatory response of residual 
myocardium. Because thrombolytic therapy is per- 
formed in many patients, reperfusion of ischemic 
myocardium may take place at various stages of 
progression of the ischemic insult. If perfusion is 
reestablished before necrosis occurs, myocardium 
may recover immediately or after hours to weeks 
(stunned myocardium"). If coronary occlusion per- 
sists, necrosis develops in the subendocardium, 
propagates transmurally and forms a scar after the 
healing phase. Residual myocardium responds to 
loss of contractile tissue and material properties of 
the ischemic zone by hypertrophy and dilatation. 
This study shows that left ventricular dilatation is 
accompanied by an increase in stroke volume from 
4 days to 4 weeks; however, left ventricular dilata- 
tion progresses while stroke volume remains con- 
stant from 4 weeks to 6 months, suggestive of non- 
compensatory left ventricular dilatation. Angioten- 
sin-converting enzyme (ACE) inhibitors have been 
shown to reduce lactate production after 60 sec- 
onds, and infarct size after 6 hours of coronary oc- 
clusion in dogs. Stunned myocardium recovers fast- 
er in animal experiments and pacing-induced myo- 
cardial ischemia may be prevented by ACE 
inhibitors. Left ventricular dilatation and mortality 
is reduced by ACE inhibitors in rats after MI. Sev- 
eral potential mechanisms are discussed to estab- 
lish a favorable action of ACE inhibitors at various 
stages of MI. Clinical evidence is still pending; how- 
ever, large studies are ongoing to clarify potential 
indications of ACE inhibitors in ischemic heart dis- 
ease in humans. 

(Am J Cardiol 1990;65:70G-73G) 
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dial infarction (MI) has been greatly reduced by con- 

trol of arrhythmias. Prognosis now mainly depends on 
extent and progression of coronary artery disease and the 
development of congestive heart failure. About 15% of 
patients with MI develop cardiac failure within 5 years.’ 
An attempt to prevent the development of heart failure 
after MI involves early reperfusion to preserve viable 
myocardium and left ventricular function. 


[satin mortality of patients with acute myocar- 


CARDIAC FUNCTION IN 
MYOCARDIAL INFARCTION 

The primary response to severe ischemia is a loss of 
myocardial contractile function. Figure 1 shows that af- 
ter 1 minute of coronary occlusion in a dog, subendocar- 
dial systolic shortening is completely lost and systolic 
lengthening (bulging) occurs. This depression of MI is 
immediately reversible if reperfusion is established after 1 
minute. MI does not immediately recover if coronary 
occlusion persists for a longer period of time. Figure 2 
summarizes various conditions that may result from myo- 
cardial ischemia. Myocardial function may remain de- 
pressed if a critical coronary stenosis remains after reper- 
fusion (“hibernating myocardium") or may recover grad- 
ually after days or weeks (“stunned myocardium”) if 
coronary flow is sufficient.’ If coronary occlusion persists 
for a longer period (15 to 30 minutes), necrosis develops 
starting from subendocardial myocardium and propa- 
gates like a “wave front” to subepicardium, resulting 
finally in transmural MI The process of scarring may 
then further determine the final outcome for the patient 
since texture of the infarcted myocardium may influence 
the load on residual myocardium.^? In most cases, heart 
failure develops gradually after MI and represents the 
final step of compensatory responses of the heart and 
peripheral circulation to loss of contractile myocardium 
(Fig. 3). Peripheral compensation results from activation 
of the sympathoadrenal and several hormone systems. 
Cardiac compensation consists of a complex process of 
hypertrophy and dilatation of noninfarcted myocardium 
termed “left ventricular remodeling" (Fig. 3). Left ven- 
tricular dilatation is, however, a strong prognosticator of 
cardiac decompensation and closely related to mortality 
in patients after MI.’ 

We have now completed a study in 66 patients that 
follows the time course of hemodynamic changes at 4 (2 
to 5) days, 4 (2 to 5) weeks and 6 (5 to 7) months after 
ML Infarct size was estimated by creatine kinase analysis 
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left anterior descending (SL, ap) coronary artery. Coronary oc- 
clusion for 60 seconds results in end-systolic lengthening and 
early diastolic shortening (bulging). EDL = end-diastolic 
length; ESL = end-systolic length. 


and patients were assigned to a group with small or large 
infarcts, respectively. Left ventricular end-diastolic vol- 
ume index (LVEDVI) was measured by gated single- 
photon emission computed tomography,? and ejection 
fraction by conventional radionuclide ventriculography. 
Right-sided cardiac catheterization was performed using 
a Swan-Ganz catheter. 

Patients with large infarcts had a reduced left ventric- 
ular ejection fraction compared with patients with small 
infarcts during the entire period of observation. Stroke 
volume index was lower in patients with large than in 
those with small infarcts at 4 days after MI. However, 
after 4 weeks and 6 months, stroke volume index in- 
creased in patients with large infarcts and was no longer 
different from stroke volume index in patients with small 
infarcts. In contrast, LVEDVI was similar in both groups 
at 4 days after infarction. LVEDVI increased progres- 
sively during the time of observation in patients with large 
infarcts and decreased in patients with small infarcts. 
Thus, at 4 weeks and 6 months, patients with large in- 
farcts had significantly greater LVEDVI than patients 
with small infarcts. Thus, patients with large infarcts had 
increased stroke volume by left ventricular dilatation up 
to 4 weeks after MI. Left ventricular dilatation, however, 
progresses while stroke volume index does not increase 
further from 4 weeks to 6 months after MI. The mecha- 
nism of progressive left ventricular dilatation after MI is 
not clear. Progressive overload of the residual noninfarct- 
ed myocardium in the dilating left ventricle might con- 
struct a vicious circle of overload and dilatation (Fig. 3).!0 
Hypertrophy may reduce wall stress in residual myocar- 
dium; however, biochemical, morphologic and microvas- 
cular changes may result in dilatation, with a further 








left ventricular 
remodeling 


FIGURE 2. Diagram on dependence of left ventricular remod- 
eling on the type of myocardial infarction and the way of heal- 
ing post myocardial infarction. 








increase in wall stress and energetic deterioration. Re- 
duced cardiac output will result in activation of peripher- 
al compensatory mechanisms like systemic vasoconstric- 
tion and sodium retention. 

Because left ventricular volume is a major prognostic 
factor in patients with MI, it seems reasonable to prevent 
the nonprofitable left ventricular dilation from becoming 
evident between 4 weeks and 6 months after MI. As 
shown in our study and previously by others, !!!2 myocar- 
dial infarct size is a major determinant of left ventricular 
dilatation. Measures to reduce myocardial infarct size 
may therefore be able to prevent left ventricular dilata- 
tion. However, controlled studies in humans are not avail- 
able. Other measures to prevent overload of the residual 
myocardium may also be helpful. Propranolol prevents 
myocardial hypertrophy, but increases left ventricular 
cavity dimensions in rats with MI.!3 Vasodilators have 
been administered but arterial vasodilators (hydralazine) 
did not alter left ventricular volume after MI. 


INFLUENCE OF THERAPY BY ANGIOTENSIN- 
CONVERTING ENZYME INHIBITION 
Angiotensin-converting enzyme (ACE) inhibitors can 
preserve cardiac function in various stages of MI. Inhibi- 
tion of converting enzyme and thus blockage of angioten- 
sin I degradation to the active peptide angiotensin II may 


Myocardial Infarction 
(loss of contractile tissue) 
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© 
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FIGURE 3. Cardiac and peripheral compensatory mechanisms 
after myocardial infarction. 
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A SYMPOSIUM: ARTERIAL HYPERTENSION — CARDIAC HYPERTROPHY AND FAILURE 





TABLE I Potential Mechanisms of Action of Angiotensin- 
Converting Enzyme Inhibitors 












Renin-angiotensin system (plasma / tissue) 
Central and peripheral nervous system 
Kallikrein-kinin system 

Prostaglandins 

Free oxygen radicals (SH group) 
Neutrophil attraction 

Endothelial function (paracrine / permeability) 
Atrial natriuretic factor 


prevent systemic and regional vascular constriction. After 
brief (30 seconds) coronary occlusion in dogs, the ACE 
inhibitor captopril prevents lactate production from isch- 
emic myocardium.!> We have previously shown that the 
ACE inhibitor captopril may limit infarct size at 6 hours 
of coronary occlusion in dogs.!^ Both the area at risk of 
necrosis as well as necrosis inside the area at risk were 
smaller in captopril-treated than in control dogs. The 
mechanisms discussed were pre- and afterload reduction 
and improvement of myocardial perfusion since the ACE 
inhibitor reduced systemic vascular resistance and left 
atrial pressure (without inducing reflex tachycardia) and 
increased coronary collateral blood flow. 

Meanwhile, ACE inhibitors have proved beneficial in 
a number of experimental models of acute myocardial 
ischemia and infarction.'! Myocardial function in dogs 
was measured by subendocardial ultrasonic crystals.!? 
Left anterior descending coronary artery was perfused by 
a coronary cannula with constant pressure. When coro- 
nary perfusion was normal, atrial pacing resulted in an 
increase in coronary blood flow parallel to an increase in 
metabolic demand. When coronary perfusion was re- 
duced, atrial pacing resulted in depression of coronary 
blood flow and regional myocardial function. 15 Both were 
prevented by previous treatment with the ACE inhibitor 
captopril. Other investigators!*? showed that recovery of 
myocardial function may be improved by pretreatment 
with ACE inhibitors in models of coronary occlusion and 
reperfusion. Whereas in control animals subendocardial 
segment shortening did not return after 15 minutes of 
coronary occlusion during the time of observation (180 
minutes), in dogs pretreated with the ACE inhibitor a 
5096 recovery of segment shortening was obtained. In this 
study, the investigators assumed a free radical scavenging 
mechanism because an ACE inhibitor without a sulfhy- 
dryl (SH) group was ineffective.!? In vitro free radical 
scavenging potency of the SH group containing ACE 
inhibitors was shown in the same study. However, other 
investigators!? reported similar effects of enalapril which 
does not contain an SH group. 

Besides the plasma renin-angiotensin system, tissue 
renin-angiotensin systems may regulate cardiac and vas- 
cular muscular function and growth.”° In addition to 
interference with the renin-angiotensin system, a number 
of mechanisms of action have been attributed to ACE 
inhibitors (Table I), which may have importance in isch- 
emic heart disease.2° The lack of reflex tachycardia dur- 
ing vasodilatation with ACE inhibitors is interpreted as 
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one manifestation of a sympatholytic effect. The car- 
boxypeptidase ACE (bradykininase II) degrades brady- 
kinin, and ACE inhibitors may thus potentiate brady- 
kinin, which may have direct or prostaglandin-mediated 
cardiovascular effects. Some ACE inhibitors may direct- 
ly activate phospholipases and thus induce prostaglandin 
production. ACE inhibitors may have endothelial actions. 
Angiotensin has been shown to disturb endothelial integ- 
rity. The effect of ACE inhibitors on paracrine functions 
of endothelium are not known, but, recently, interrela- 
tions of an ACE inhibitor with endothelium-derived re- 
laxant factor have been suggested.?! In addition, angio- 
tensin has a direct and endothelium-mediated chemotac- 
tic effect on neutrophiles which is prevented by an ACE 
inhibitor. Neutrophiles have been suspected to play a 
detrimental role during reperfusion of ischemic myocar- 
dium. Finally, interference with the release or effect of 
atrial natriuretic factor may be conceived since the renin- 
angiotensin system has close relations to atrial natriuretic 
factor. 

It is unclear when, during the healing process of MI, 
therapy with ACE inhibitors should begin. Anti-ischemic 
effects might have relevance and would justify the very 
early use of ACE inhibitor hours after the onset of chest 
pain in conjunction with thrombolytic therapy. Pfeffer et 
al!2 showed in an experimental model in rats that the 
ACE inhibitor captopril may prevent left ventricular dila- 
tation after MI. This effect was most prominent in rats 
with moderate to large MI. Captopril also reduced mor- 
tality in rats after MI.? Sharpe and co-workers”? demon- 
strated echocardiographically in patients that left ventric- 
ular dilatation may be prevented with captopril. Pfeffer et 
2124 obtained similar results with angiography. Large 
studies are now underway to clarify whether ACE inhibi- 
tors prevent left ventricular dilatation and improve prog- 
nosis after MI. 
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Effect on the Myocardial Energy Metabolism of 
Angiotensin-Converting Enzyme Inhibition in 
Chronic Heart Failure 


Heinz-Peter Schultheiss, MD 


AIO NES ee 
There is substantial evidence that the failing heart 


is in an energy-depleted state. The imbalance be- 
tween myocardial oxygen supply and demand 
might be the cause for adaptive metabolic changes 
seen in patients with severe chronic heart failure. 
By analyzing the lactate dehydrogenase (LDH) iso- 
enzyme pattern, an increase of LDH, and a de- 
crease of LDH, was seen in myocardium from pa- 
tients with chronic heart failure. Additionally, the 
concentration of the adenosine diphosphate (ADP)/ 
adenosine triphosphate (ATP) carrier was signifi- 
cantly elevated. After treatment with the angioten- 
sin-converting enzyme inhibitor enalapril in 33 pa- 
tients with chronic heart failure, LDH; increased 
from 38.7 + 6.7 to 42.3 + 5.5 (p «0.005), paral- 
leled by a decrease in LDH; from 20.8 + 7.0 to 
15.8 + 4.7 (p <0.001). The ADP/ATP carrier con- 
centration also decreased significantly within the 
normal range. There was a good correlation be- 
tween the hemodynamic data and the LDH isoen- 
zyme pattern. The shift of the LDH isoenzyme pat- 
tern and the decrease of the ADP/ATP concentra- 
tion can be taken as an indication for an 
improvement of the myocardial energy balance in 
chronic heart failure with angiotensin-converting 
enzyme inhibitor therapy. 

(Am J Cardiol 1990;65:74G-81G) 
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numerous etiologies, it has become evident that 

heart failure is the result of an interaction of 
different factors at the cellular level. One main question is 
the energetic state of the myocardium.! Under normal 
physiologic conditions, myocardial metabolism is essen- 
tially aerobic, i.e., carbohydrates, free fatty acids and 
amino acids are oxidized in the presence of molecular 
oxygen to produce large quantities of adenosine triphos- 
phate (ATP). In the failing heart, however, the energy 
production may be inadequate to meet the high rate of 
energy expenditure The main stimulus for the changes 
in energy metabolism in the failing heart may be a de- 
crease in coronary perfusion, which is most profound at 
the endocardial surface.? Experimental studies of chronic 
heart failure showed that the endocardial to epicardial 
ratio of coronary perfusion is significantly reduced under 
baseline conditions. Furthermore, the coronary reserve, 
assessed as the increase in flow after intravenous dipyrid- 
amole, was shown to diminish in patients with idiopathic 
dilated cardiomyopathy. The alterations in coronary 
perfusion are a direct result of the underlying compensa- 
tory mechanisms during the failing process? Elevated 
catecholamine levels that produce tachycardia and in- 
crease myocardial contractility will result in limited dia- 
stolic coronary blood flow and consequently in subendo- 
cardial ischemia. Once the subendocardial layers become 
ischemic, the intramyocardial vessels are maximally di- 
lated and the blood is driven by the pressure gradient 
between coronary diastolic pressure and left ventricular 
filling pressure throughout diastole. Impaired diastolic 
relaxation may prolong compression of the intramyocar- 
dial vessels and thus further reduce the blood flow to the 
subendocardial layers. 

The elevated left ventricular diastolic pressure also 
will reduce the subendocardial blood flow. The reduction 
in coronary reserve and the decrease in the perfusion of 
the endocardium could result in a continual state of sub- 
endocardial ischemia that could lead to myocardial ne- 
crosis and fiber replacement and ultimately to a decom- 
pensation of the left ventricle. Unfortunately, this is a 
self-perpetuating process. Cardiac function— progres- 
sively deteriorating—will lead to a further decline in sub- 
endocardial perfusion. This will result in greater cell 
damage and a progressive decrease in cardiac function 
which will again decrease endocardial perfusion.' Analy- 
sis of the energetic state of the failed myocardium is a key 
determination that must be performed. A deficit in the 
availability of energy for cardiac function would have 
major implications for therapy. 


A Ithough congestive heart failure in humans has 
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FIGURE 1. Relation of lactate dehydrogenase (LDH) isoenzymes and nicotinamide-adenine dinucleotide (NAD) and reduced NAD 


(NADH) ratio in energy metabolism. LDH; (M-type LDH) serves as a pyruvate reductase in 
whereas LDH, (H-type LDH) serves as a lactated dehydrogenase in aerobically 


3-phosphate dehydrogenase. 


The development of safe endomyocardial biopsy, en- 
abling use of enzymatic analysis in the biopsy material, 
may help one to understand the pathophysiology of 
chronic heart failure. As it is well established that the 
redox status of the pyridine nucleotides is a very sensitive 
marker of the functional state of cellular oxidation, we 
analyzed the activity and the distribution of the lactate 
dehydrogenase isoenzymes (LDH) in myocardial biopsy 
specimens. By their functional significance, these isoen- 
zymes are directly connected with the nicotinamide-ade- 
nine dinucleotide (NAD)-reduced NAD (NADH) sys- 
tem of the cell (Fig. 1). They can therefore be taken as 
markers for the metabolic state of the analyzed tissue. 
Furthermore, a sensitive assay has been developed for the 
quantitative determination of the ADP/ATP carrier?—a 
protein of the inner mitochondrial membrane—in biopsy 
specimens from patients with congestive heart failure. 
4 The adenine nucleotide translocator plays a central role 
in the energy metabolism of the heart.!? The quantifica- 
tion of the ADP/ATP carrier may help to assess the 
functional state of the mitochrondria. 


METHODS 

Dilated cardiomyopathy, a heart muscle disease of 
unknown etiology, was diagnosed according to the crite- 
ria of Goodwin. After complete diagnosis—including 
echocardiography, ventriculography and coronary angi- 
ography—right ventricular biopsy samples were obtained 
from 33 patients with severe chronic heart failure (New 
York Heart Association classes III and IV). The endo- 
. myocardial biopsy was performed with the King's Hospi- 
tal bioptome.!!.!? Biopsy specimens were taken from the 
septal part of the right ventricle using 2-dimensional 
echocardiography for the exact location of the bioptome. 
In addition to biochemical examinations, the tissue was 





metabolizing tissues, 
metabolizing tissues. GAPDH = glyceraldehyde- 


assessed by histologic, ultrastructural and immunologic 
techniques. The biochemical results were correlated with 
clinical and hemodynamic data obtained by cardiac cath- 
eterization. 

The patients were treated with enalapril, 5 mg twice 
daily, for a period of 6 months. Pretreatment with digital- 
is and diuretics was not changed during the time of study. 
Before and after treatment hemodynamic data were ob- 
tained by right- and left-sided cardiac catheterization. 
Additionally, endomyocardial biopsy samples were ob- 
tained before and after treatment. 

For LDH isoenzyme analysis, the biopsy samples 
were immediately placed into ice-cold 0.01 M potassium 
phosphate buffer, pH 7.5. After gentle microhomogeni- 
zation in the same buffer (ratio of 1:10 (w /v), 4°C) with 
a pestle tipped by a Dynal and centrifugation at 25,000 g 
for 30 minutes at 4°C, aliquots were taken for enzymatic 
tests. The pellet containing the endocardium was discard- 
ed. 


For determination of LDH isoenzymes, the superna- 
tant was diluted in a ratio of 1:100 (w/v) with 30% 
glycerine to give a final concentration of 25% glycerine 
in the sample. The electrophoretic isolation of the iso- 
enzymes was performed by microisoelectric focusing 
(IEF).!>!4 The following exact gel mixture used for IEF 
in 10 wl capillaries is given. 

Gel mixture for isoelectric focusing in 10 wl capillar- 
ies: acrylamide 4 g + methylenebisacrylamide 0.1 gt 
distilled water 10 ml (0.35 ml); tetramethylethylendia- 
mine/10 ml distilled water 0.06 g (0.30 ml); servalyte 
40% (0.20 ml); glycerine (0.30 ml); distilled water (0.20 
ml); and ammoniumperoxidisulfate 15 mg/10 ml dis- 
tilled water (0.60 ml). 

IEF was performed at a constant potential of 80 V for 
30 minutes. After the completion of the electrophoretic 
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FIGURE 2. Hemodynamic parameters before (unshaded bars) and after (shaded bars) 6 months of 
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before treatment are given as 100%. CI = cardiac index; EF = ejection fraction; HR = heart rate; SVI = stroke volume index. 


separation, the gels were removed and placed into cooled 
0.05 M Tris/HCL buffer, pH 8.0, and then put into the 
incubation mixture according to the tetrazolin method. 
After staining, the gels were scanned in a Zeiss spectro- 
photometer (PMQ II) which was filled with an integrator 
to measure the percentage of each isoenzyme. 

LDH, catalyzing the interconversion of lactate and 
pyruvate, exists as 2 genetically determined subunits—H 
and M—which are combined by a random association to 
form 5 tetrameres. The 2 major forms of LDH are the 
heart type (H4 = LDH)) and the muscle type (M4= 
LDH;). The relative amounts of H and M subunits were 
calculated as described by Markert.'? Values reported 
are the mean of 5 IEF gels for each sample. 


TABLE I Preload-Determining Parameters Before and After 
Enalapril Treatment 


Before After p Value 


End-diastolic volume index 126 + 59 106 + 33 p <0.01 


[ml/m?] 
Left ventricular end-diastolic 
pressure (mm Hg) 
Diastolic wall stress 
pressure (10? dynes/cm?) 


249-193 156478 p<0.05 


58 + 34 51+ 46 NS 


NS = not significant. 
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Statistical analysis was performed with the Student 
t test. 

The ADP/ATP carrier was quantified by a sensitive 
dot immunobinding assay using nitrocellulose filters as 
the solid support and 125-J protein A for quantification.!6 
This method allows the estimation of the ADP/ATP 
carrier content in small amounts of mitochondrial mem- 
branes and in crude extracts of tissue samples as obtained 
from human myocardial biopsy specimens. 


RESULTS 

Hemodynamic data: After 6 months of enalapril 
treatment we found, in full agreement with the results of 
numerous studies, a clinical improvement. The New 
York Heart Association functional class ratings have 
been improved from 3.1 + 0.7 to 2.1 + 0.6. The mean 
aortic pressure decreased from 104 + 17 to 93 + 18 mm 


TABLE Il Afterload-Determining Parameters Before and 
After Enalapril Treatment 


Before After p Value 


Systemic vascular resistance 17604594 1346+401 p <0.001 
(dynes X s/cm?) 


Systolic wall stress 173 + 56 147461 NS 





NS = not significant. 
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FIGURE 3. Para eters of myocardial efficiency before and after 6 months of enalapril treatment. HFsRR = rate-pressure prod- 


uct; LVSWI - left ventricular stroke work index; SVO = mixed venous oxygen satur " 


Hg, whereas heart rate was nearly unchanged (before 
treatment 80 + 16, after treatment 76 + 12 beats/min). 
The main variables reflecting cardiac function improved 


significantly: cardiac output from 4.6 + 1.3 to 5.3 + 0.9 


liters/min, cardiac index from 2.4 + 0.7 to 2.8 + 0.4 
liters/min/m?, stroke volume index from 30 + 10 to 38.1 
+ 8.3 ml/m?, and ejection fraction from 30 + 13% to 48 
+ 15%. All these changes were significant (Fig. 2). 
The preload-determining parameters were signifi- 
cantly reduced after treatment with enalapril. The end- 
diastolic volume index fell from 126 + 59 to 106 + 33 ml / 
m2, left ventricular end-diastolic pressure (LVEDP) from 
24.9 + 9.3 to 15.6 + 7.8 mm Hg and the calculated 
diastolic wall stress from 58 + 34 to 51 + 46 103 dynes / 
cm? (Table I). Similarly, the afterload-determining pa- 
rameters also changed significantly: the systemic vascu- 
lar resistance decreased from 1,760 + 594 to 1,346 + 409 
dynes X s/cm~ and the systolic wall stress from 173 + 


«w^ 56 to 147 + 61 10? dynes/cm? (Table II). 


The mixed venous oxygen saturation increased from 
68 + 10% to 74 + 5%, and the rate-pressure product 
decreased from 11,055 + 2,629 to 9,358 + 1,763 mm 
Hg-beats/min (Fig. 3). Similarly, left ventricular stroke 
work index increased from 53 + 26 to 59 + 20 g-m/m?. 

Lactate dehydrogenase isoenzyme pattern before 
and after treatment: The LDH isoenzyme pattern in 
myocardial biopsy specimens before and after treatment 
with enalapril are shown in Figure 4. Whereas in normal 
myocardial tissue LDH, exhibits the greatest enzyme 
activity, LDH» somewhat less, and LDH 3 İs very weak, in 
the patients with chronic heart failure, there was a rela- 


- tive decrease in LDH, activity and an increase in the 


activity of LDHs. Thus, there seemed to be a significant 
shift of the isoenzyme pattern toward those isoenzymes 


containing M-LDH. The amount of M-LDH and LDH; 
before treatment was 40.3 + 7.7% and 20.8 + 7.0%, 
respectively. After treatment with the angiotensin-con- 
verting enzyme (ACE) inhibitor, LDH, increased from 
38.7 + 6.7% to 42.3 + 5.5%, whereas LDH; decreased to 
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before after before 
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FIGURE 4. Lactate dehydrogenase (LDH) isoenzyme pattern 
before and after 6 months of enalapril treatment. 
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FIGURE 5. Lactate dehydrogenase (LDH) isoen- 
zyme pattern before (top) and after (bottom) 6 
months of enalapril treatment. Cl = cardiac in- 
dex; EDV = end-diastolic volume; EF = 

ejection fraction; MAP = mean arterial pressure; 
PAP = pulmonary artery pressure; PC = pulmon- 
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15.8 + 4.7%. The H-subunits increased from 59.7 + 7.7% 
to 64.8 + 4.4%. A typical example of the LDH isoenzyme 
pattern of 1 patient before and after ACE inhibitor thera- 
py is shown in Figure 5. Before treatment a significant 
amount of LDH; could be detected. The H-subunits were 
53%. After treatment with an ACE inhibitor, the H- 
subunits were significantly increased to 73%, which was 
caused by a nearly complete reduction of LDH; and a 
significant increase of the relative percentage of LDH). 

The observed changes of the LDH isoenzyme patterns 
coincided with a decrease in LVEDP (Fig. 6). The de- 
crease of LVEDP in 28 patients was paralleled by an 
increase of LDH). Only in 4 patients did LDH; slightly 
decrease while LVEDP decreased; only in 1 patient did 
LVEDP increase while the relative amount of LDH was 
nearly unchanged. 

Beside the parallelism between the increase of LDH; 
and the decrease of LVEDP, a good correlation between 
the H-subunits and hemodynamic parameters could be 
shown. Figure 7 demonstrates this correlation between 
the H-subunits and the LVEDP: the lower the LVEDP 
the higher the percentage of the H-subunits. 

ADP/ATP carrier concentration before and after 
treatment: In the myocardium from patients with chron- 
ic heart failure the ADP/ATP carrier content was signifi- 
cantly elevated. Compared with normal human hearts or 
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patients who underwent mitral valve replacement the 
ADP/ATP carrier content in patients with chronic heart 
failure was 64.3 ug/mg mitochondrial protein (controls: 
53.2 ug/mg mitochondrial protein) (Fig. 8). 

After the ACE inhibitor therapy, the concentration of 
the ADP/ATP carrier fell from 64.3 to 49 + 12.5 ug /mg 
mitochondrial protein (p «0.001). 


DISCUSSION 

There are several indications for an imbalance be- 
tween energy production and energy use in the failing 
heart.! An increase in wall stress greater at the endomyo- 
cardial surface than at the epicardial surface and an 
elevated LVEDP will decrease the perfusion of the endo- 
cardium. Coronary blood flow to the endocardium is also 
decreased by tachycardia because of shortened diastole 
and, therefore, shortened duration of perfusion. Impaired 
diastolic relaxation may prolong compression of the in- 
tramyocardial vessels and thus further reduce blood to 
the subendocardial layers. These patients are also more 
prone to develop myocardial ischemia because of a de- 
creased capillary density in the subendocardium. All 
these factors together may contribute to a state of chronic 
hypoxia at the endocardial surface of the heart, which 
then may lead to cellular damage and progressive deterio- 
ration of cardiac function. A decrease of endocardial 


2a 


FIGURE 6. The relative alter- 
ation of the concentration of lac- 
tate dehydrogenase (LDH,) and 
the left ventricular end-diastolic 
pressure (LVEDP) after 6 
months of enalapril treatment. 


perfusion will lead to an inadequate delivery of chemical 
energy needed to sustain the high levels of mechanical 
work. The possibility that the overloaded myocardium is 
energy-depleted provides important guidelines for the 
therapy of chronic heart failure. One objective in manag- 
ing this condition would be to reduce cardiac energy 
demands. 

Because methods for determining the intracellular 
distribution of oxygen are not available, we looked for 
indirect means of detecting reduced availability of oxy- 

Ben. The association of the isoenzymes of LDH with 
aerobic and anaerobic metabolism and the shift in isoen- 
zyme distribution, which have been shown to occur with 
altered environmental oxygen availability, suggested a 
possibly good tool for evaluating myocardial intracellular 
oxygen availability.’ 

The adenine nucleotide translocator (ADP/ATP car- 
rier) is an intrinsic hydrophobic protein located within the 
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FIGURE 7. Relationship between the calculated relative 
amounts of the H-subunits of lactate dehydrogenase and left 
ventricular end-diastolic pressure (LVEDP) in 31 patients with 
chronic heart failure. The calculation of the ratios of the mon- 
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inner mitochondrial membrane.? Because this membrane 
is presumed to be impermeable to hydrophilic metabo- 
lites, the transfer of ATP to the cytosol with its energy- 
consuming processes and the return of ADP to the inner 
mitochondrial space for regeneration by oxidative phos- 
phorylation require a particular transport system. The 
ADP/ATP shuttle as the only active nucleotide transport 
system in mitochondria is highly specific. Under normal 
physiologic conditions its activity corresponds exactly to 
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ADP/ATP carrier was quantified by a dot-immunobinding 
say using nitrocellulose filters as the solid support and 125- 
Jod protein A for quantification.!6 MP = mitochondrial protein. 
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the requirements of ATP production in eukaryotic aero- 
bic cells.!? It is of great metabolic significance that there 
is a differentiation between ADP and ATP in the trans- 
port by the energization of the mitochondrial membrane, 
which makes the nucleotide exchange strongly asymmet- 
ric, favoring uptake of ADP and release of ATP. As a 
result, the concentration ratio of ATP to ADP is higher in 
the extra- than in the intramitochondrial space. Further- 
more, the energization of the inner mitochondrial mem- 
brane modulates the carrier so as to operate in a manner 
required for oxidative phosphorylation.'? Although the 
ADP/ATP carrier is not the only rate-limiting step in 
oxidative phosphorylation, there is a clear indication for a 
reversible interaction of the ATP potential difference be- 
tween the external and mitochondrial compartment with 
the oxidation-reduction state of the respiratory chain. 
Thus, the adenine nucleotide translocator seems to play a 
key role in the regulation of oxidative phosphorylation." 

This study showed a significant increase of LDH; 
concomitant with a decrease of LDH, in myocardial bi- 
opsy samples from patients with severe chronic heart 
failure. Consequently, the relative percentage of the H- 
subunits decreased while the percentage of M-subunits 
increased. These findings support the hypothesis of adap- 
tive metabolic changes in chronic heart failure. The shifts 
in the isoenzyme pattern toward LDH; seem to indicate 
an enhanced anaerobic glycolysis in the myocardium 
from patients with severe heart failure. This is in accor- 
dance with previous results describing increased myocar- 
dial lactate production and increased levels of total LDH 
activity in severe heart failure.'*-7° Concomitant with the 
shift of the LDH isoenzyme pattern, a significant in- 
crease of the ADP/ATP carrier concentration was ob- 
served in the myocardium of patients with chronic heart 
failure. This increase of cardiac concentration may repre- 
sent an up-regulation of the carrier protein as a conse- 
quence of an insufficient energy supply to the energy- 
consuming processes in the cytosol. The stimulus for this 
metabolic adaptation might be a decreased phosphoryla- 
tion potential in the cytosol as has been suspected by the 
increased LDH; concentration. Thus, it appears likely 
that the alteration in myocardial energetics explains the 
decline in contractile function in heart failure. This as- 
sumption is supported by the good correlation between 
hemodynamic parameters and the LDH isoenzyme pat- 
tern. 

In the light of the discussion on metabolic aspects of 
chronic heart failure, one should determine whether ther- 
apeutic interventions may improve the metabolism of the 
failing heart. Vasodilators and a reduced inotropic drive 
of the myocardium thus may improve the balance be- 
tween energy delivery and energy expenditure. Chronic 
ACE inhibition appears to be a very promising therapeu- 
tic intervention for several reasons. ACE inhibitors de- 
crease cardiac preload and afterload and wall stress, thus 
reducing myocardial oxygen demand. In addition, a di- 
minished sympathetic nervous activity should further re- 
duce oxygen demand.*! However, myocardial oxygen 
supply should be augmented because of diminished coro- 
nary resistance, by direct dilatation of the coronary arter- 
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ies and by extravascular effects through decreased filling 
pressures and wall stress. A direct cellular effect mediat- 
ed by a local ACE system also could be important.??-*4 

As could be expected, the treatment of chronic heart 
failure with the ACE inhibitor enalapril led to a signifi- 
cant improvement in the New York Heart Association 
functional class ratings. Similar to this evidence for symp- 
tomatic improvement, a significant increase in left ven- 
tricular ejection fraction, stroke volume index and cardi- 
ac index provides evidence that the symptomatic im- 
provement can partly be attributed to improved left 
ventricular performance. The improvement of left ven- 
tricular function was also indicated by an elevated left 
ventricular stroke work index. The similar decrease in the 
rate-pressure product and the increase of mixed venous 
oxygen saturation support the supposition of better effi- 
cacy of the myocardium with ACE inhibition. The theo- 
retically supposed correction of the imbalance between 
oxygen delivery and demand in chronic heart failure with 
ACE inhibition was confirmed by the shift of the LDH 
isoenzyme pattern and the decrease of the ADP/ATP 
carrier concentration. Based on the regulatory mecha- 
nisms of the LDH isoenzymes and the ADP/ATP carri- 
er, these data indicate that in chronic heart failure, the 
oxidative mechanism of energy production, which takes 
place in the mitochondria, is augmented through utiliza- 
tion of the more inefficient glycolytic pathway. The shift 
of the isoenzyme pattern and the decrease of the ADP/ 
ATP carrier concentration can be taken as an indication 
for a change from more anaerobic to more aerobic cardi- 
ac metabolism with the ACE inhibitor enalapril. This 
improvement of the myocardial energy metabolism 
might be a main factor in prolonging survival in chronic 
heart failure as has been shown with ACE inhibitor ther- 
apy. However, it cannot be completely excluded that the 
change of the cellular energy metabolism is not the cause 
but the consequence of the hemodynamic improvement 
with ACE inhibition. To answer this question, further 
analyses are necessary. 

In conclusion, our data show an improvement of car- 
diac function with ACE inhibition paralleled by an ame- 
lioration of the myocardial energy state. Based on the 
LDH isoenzyme shift and the decreased ADP/ATP car- 
rier concentration after therapy with an ACE inhibitor, 
at least a partial correction of the impairment of energy 
supply and demand can be suspected. This may have a 
positive influence on the self-perpetuating process of 
heart failure, which is caused by progressive subendocar- 
dial perfusion deficit. Thus, improvement of the balance 
between energy delivery and energy expenditure with 
ACE inhibition may help to explain the benefits of vaso- 
dilators, especially ACE inhibitors which have been 
shown te prolong life in patients with chronic heart fail- 
ure.^^ 
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Principles of Antihypertensive Drug Treatment 


Karl Heinz Rahn, MD 


The main objectives of chronic drug treatment in 


essential hypertension are to decrease blood pres- 
sure, improve prognosis, reduce the number and 
severity of adverse effects to a minimum, and use 
simple treatment schedules. Simple treatment 
schedules may be easily maintained with monother- 
apy (i.e., 8 blockers, diuretics, calcium antagonists 
and angiotensin-converting enzyme inhibitors). If 
monotherapy is insufficiently effective, antihyper- 
tensive drugs can be combined. Combination thera- 
py makes use of the synergistic effects of most an- 
tihypertensive drugs. Further considerations of 
combination therapy of antihypertensive agents are 
the inhibition of compensatory mechanisms work- 
ing against blood pressure reduction and the de- 
crease of the frequency and severity of adverse ef- 
fects. Combinations of 2 antihypertensive agents 
usually contain a diuretic or a calcium antagonist. 
(Am J Cardiol 1990;65:82G-84G) 
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the treatment of various forms of hypertension. 
Principles of chronic drug treatment in patients 
with essential hypertension are discussed. 

The final goal of antihypertensive agents, which are 
administered in order to decrease elevated blood pressure, 
is to improve the long-term prognosis of essential hyper- 
tension. Improvement in prognosis has only been demon- 
strated with a limited number of antihypertensive drugs. 
However, it seems justified to assume that numerous 
hypotensive agents have a similar effect. A further objec- 
tive of chronic drug treatment in essential hypertension is 
to select antihypertensive agents to reduce the frequency 
and the severity of adverse effects to a minimum. Patients 
with essential hypertension generally require drug treat- 
ment during periods of years, often more than 10 years. 
Therefore, the use of simple treatment schedules is man- 
datory in order to maintain compliance. 

Antihypertensive agents in the form of monotherapy 
make simple treatment schedules possible; only a limited 
number of hypotensive drugs can be used in this way. 
These drugs are 8 blockers, diuretics, calcium antagonists 
and angiotensin-converting enzyme (ACE) inhibitors 
(Table I). All other antihypertensive drugs cause sodium 
and water retention during chronic application. Thus, 
their blood pressure-lowering action decreases or even 
totally disappears. 

Beta blockers now have an established place in the 
monotherapy of essential hypertension. This is particular- 
ly true for the cardioselective 8 blockers such as atenolol. 
To reduce the frequency and severity of adverse effects, 
cardioselective drugs are now given in lower daily doses 
than previously. In the case of atenolol, the daily doses 
range from 50 to 100 mg. The most serious adverse ef- 
fects of 8 blockers are heart failure, bradycardic arrhyth- 
mias and bronchial constriction.! These unwanted actions 
are now very rare because contraindications are carefully 
observed. The most frequent adverse effects of G-adrener- 
gic blocking agents are muscular fatigue and cold ex- 
tremities. 

Diuretics, in particular thiazides, are frequently used 
in the chronic treatment of essential hypertension, and in 
lower doses than formally administered. In the case of 
hydrochlorothiazide, the daily doses range from 12.5 to 
50 mg. The main adverse effects of thiazides are hypoka- 
lemia, hyperglycemia and hyperuricemia.! 

When £ blockers and diuretics were given to patients 
with essential hypertension for some weeks or months, 
relatively few and minor unwanted effects were observed. 
However, the picture is essentially different when these 
drugs are given for several years. The Medical Research 
Council Working Party study? demonstrated that long- 


A ntihypertensive agents are now widely used for 
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TABLE I Antihypertensive Drugs Used for Monotherapy 


B Blockers 
Diuretics 

Calcium antagonists 
ACE inhibitors 


ACE: Angiotensin-converting enzyme. 


TABLE Il Side Effects of Antihypertensive Drugs 


Clonidine: sedation; withdrawal syndrome 
Guanfacine: orthostasis 

Labetalol: orthostasis 

Methyldopa: sedation, orthostasis 
Minoxidil: hypertrichosis 

Prazosin: orthostasis 

Reserpine: sedation, depression of mood 
Urapidil: orthostasis 






TABLE Ill Useful Combinations of Two Antihypertensive 
Drugs 


8 Blocker and diuretic 

ACE inhibitor and diuretic 

Calcium antagonist and diuretic 

B blocker and calcium antagonist 
ACE inhibitor and calcium antagonist 


ACE = Angiotensin-converting enzyme. 





term treatment with 8 blockers and diuretics often had to 
be discontinued because of adverse effects, many of 
which were subjective. 

Calcium antagonists are often given to patients with 
hypertension. Verapamil is used in doses ranging from 80 
mg/day twice daily to 120 mg/day 3 times daily. The 
duration of blood pressure-lowering action of this drug is 
8 to 12 hours. Verapamil rarely causes bradycardic ar- 
rhythmias. The drug may cause headache and flush. The 
most disturbing adverse effect during chronic application 
of verapamil is constipation. 

The predominant adverse effect of nifedipine and oth- 
er dihydropyridine calcium antagonists is headache. 


" These drugs rarely, if ever, cause bradycardic arrhyth- 


mias and constipation represents no problem. 

As mentioned earlier, one of the most frequent un- 
wanted effects of 8 blockers is muscular fatigue. Mooy et 
al? showed that verapamil has no influence on exercise 
tolerance during submaximal work in patients with essen- 
tial hypertension. Similarly, Lange-Andersen et al^ re- 
ported that 4 weeks of treatment with nifedipine did not 
alter perceived subjective exertion during bicycle ergom- 
etry in patients with mild to moderate hypertension. 
Thus, treatment with calcium antagonists is an alterna- 
tive for physically active hypertensive patients who com- 
plain of muscular fatigue during treatment with 6-recep- 
tor blocking agents. 

The first ACE inhibitors used for the treatment of 
hypertension were captopril and enalapril. Meanwhile, 
further ACE-inhibiting drugs have been added to the 


TABLE IV Useful Combination of Three Antihypertensive 
Drugs 


8 Blocker, diuretic and vasodilator (hydralazine, calcium antagonist, 
ACE inhibitor, postsynaptic o; blocker) 
ACE inhibitor, diuretic and calcium antagonist 


ACE = Angiotensin-converting enzyme. 





therapy of hypertension. The most frequent serious ad- 
verse effect of ACE inhibitors is hypotension. This usual- 
ly is a consequence of an inadequately high initial dose of 
the drug. Renal function disturbances may result from 
ACE inhibitor-induced hypotension. Rash, pruritus and 
taste disturbances are reversible adverse effects. A non- 
productive cough caused by chronic application of ACE 
inhibitors sometimes is misinterpreted as a symptom of 
chronic bronchitis or of bronchial carcinoma. A rare but 
potentially life-threatening adverse effect of ACE inhibi- 
tors is angioneurotic edema. Neutropenia and proteinuria 
seldom occur with the relatively low doses of ACE inhibi- 
tors currently used.? 

In marked contrast with the rare but sometimes seri- 
ous side effects mentioned, ACE inhibitors in general are 
subjectively well tolerated by patients. These drugs have 
been shown to improve the index of general well-being.® 
In the same study, methyldopa decreased this parameter. 

A number of antihypertensive agents may now no 
longer be considered as drugs of first choice for the treat- 
ment of hypertension. This is due to the fact that these 
drugs cause more frequent or more serious side effects 
than 6 blockers, diuretics, calcium antagonists and ACE 
inhibitors (Table IT). All the drugs mentioned in Table II 
cause salt and water retention during chronic application. 
Therefore, they ought to be combined with a diuretic and 
not be used as monotherapy. These drugs should mainly 
be considered as an alternative if 8 blockers, calcium 
antagonists or ACE inhibitors are contraindicated or 
poorly tolerated. 

There are several reasons why antihypertensive agents 
should be combined when monotherapy is not sufficiently 
effective in reducing blood pressure. The main consider- 
ation is that most antihypertensive drugs have a synergis- 
tic effect on blood pressure when given concomitantly. 
Furthermore, the addition of one antihypertensive drug 
to another may influence compensatory mechanisms 
working against blood pressure reduction. Thus, arterio- 
lar-vasodilating drugs like hydralazine and minoxidil in- 
crease cardiac output by reflex activation of the sympa- 
thetic nervous system. This reflex elevation of cardiac 
output antagonizes the blood pressure-lowering effect of 
these agents. The antihypertensive action of the vasodila- 
tors mentioned can be enhanced by combining them with 
a drug which inhibits sympathetic function. These consid- 
erations are the basis of combinations consisting of an 
arteriolar vasodilator with drugs like 8 blockers, reser- 
pine, clonidine and methyldopa. Finally, antihypertensive 
agents may be combined in order to decrease the frequen- 
cy of adverse effects. The various groups of antihyperten- 
sive drugs differ in their pattern of adverse effects. Be- 
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cause of the synergistic effect on blood pressure, smaller 
doses of the individual drug can be used during combina- 
tion therapy than during monotherapy for hypertension. 
The frequency and severity of side effects of many antihy- 
pertensive agents are dose dependent. By using smaller 
doses in the combination therapy, the severity and the 
frequency of side effects may be diminished. On the basis 
of these considerations, the maximal doses of hypotensive 
drugs used in the form of monotherapy are now consider- 
ably lower than in the past. Combination therapy rather 
than relatively high doses is now preferred if monother- 
apy proves insufficiently effective. Tables III and IV list 
useful combinations of 2 or 3 antihypertensive drugs, 
respectively. 
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Ventricular Diastolic Function of the 
Heart in Systemic Hypertension 


Fetnat M. Fouad-Tarazi, MD 


Abnormalities in left ventricular (LV) diastolic func- 
tion in hypertension have been more extensively in- 
vestigated in recent years because of the availabili- 
ty of reliable noninvasive methods applicable to this 
type of ventricular functional analysis. Moreover, 
such approaches allowed investigation of the fac- 
tors influencing LV diastolic function indexes and 
permitted development of correction or normaliza- 
tion indexes. More research has been done recently 
aiming at understanding the physiologic importance 
of LV diastolic dysfunction in hypertension; the 
preliminary results in this area suggest that LV 
diastolic dysfunction may be linked to alterations in 
the regional cardiopulmonary dynamics and in car- 
diopulmonary receptor activity. More questions, 
however, need to be answered with regard to the 
relative and integrative role of the various aspects 
of LV diastolic function and about the sequential al- 


| „+ terations in the various indexes of LV diastolic 
. function in hypertension. 
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hypertension has been examined in terms of the 

pumping ability of the heart and its systolic perfor- 
mance. For this purpose, several indexes have been uti- 
lized including cardiac output, stroke volume, ejection 
fraction and the first derivative of pressure decline during 
isovolumic relaxation (-dP/dt).! Diastolic function of the 
heart in hypertension has only recently been evaluated, 
mainly because of the availability of noninvasive methods 
that allow examination of diastolic indexes related to LV 
relaxation and filling. Such indexes have been measured 
with radionuclide methods,?-^ echocardiography?$ and 
Doppler echocardiography.’ Other approaches are based 
on obtaining several noninvasive recordings simulta- 
neously including apex cardiology, phonocardiography, 
echocardiography, carotid pulse tracing and electrocardi- 
ography.*? This wealth of procedures has allowed mea- 
surements of various indexes of LV diastolic function 
representing the various phases of LV diastole. 

Alterations of left ventricular filling rate in hyperten- 
sion: Previous reports of abnormalities in the P wave in 
hypertensive patients!? have inspired the examination of 
LV diastolic filling indexes in hypertension as soon as 
noninvasive methods became available to examine LV 
diastolic filling of the heart. Thus, in 1980, we reported a 
slower L'V diastolic filling index in the hypertensive heart 
than in the normal heart.? For any level of LV systolic 
ejection rate, the LV filling rate was reduced in hyperten- 
sive patients compared with age-matched volunteers.? 
This observation was further documented by many other 
laboratories.^* However, the abnormality of LV filling 
was not universally found in all hypertensive patients. In 
our previous report, we have found that hypertensive pa- 
tients with evidence of hyperkinetic circulation had a 
normal relation between LV filling and LV ejection.? In a 
more recent evaluation of 26 untreated hypertensive pa- 
tients, we found that only 3096 of hypertensives had evi- 
dence of reduced LV diastolic filling.!! 

The pattern of LV filling abnormality in these hyper- 
tensive patients was a reduction in the rate of filling 
without alteration in the time to peak filling rate; the 
systolic ejection was normal in these patients so that the 
ratio of peak LV filling over peak LV ejection was re- 
duced to less than 1. This pattern has to be differentiated 
from other patterns observed in other diseases. For exam- 
ple, in patients with autonomic insufficiency, we observed 
a delay in peak LV filling rate without a reduction in the 
absolute value of the peak rate of LV filling (Fig. 1). Such 
abnormality in patients with autonomic insufficiency 
could have been related to prolongation of the isovolumic 
phase of relaxation, as evidenced by a prolongation of the 


[nono left ventricular (LV) function in 
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FIGURE 1. Patterns of left ventricular filling abnormality in 
hypertension (H) and in autonomic dysfunction (bottom curve) 
compared with normal values (N). See text for details. 

BP = blood pressure; dv/dt = maximum time derivative of left 
ventricular volume change during rapid filling phase; EDcts = 
end-diastolic counts; EF = ejection fraction; HR = heart rate; 
sup. = supine. 


A20 interval (the time between closure of the aortic valve 
and opening of the mitral valve) secondary to the reduc- 
tion of adrenergic activity. Other diseases still have differ- 
ent diastolic function characteristics; patients with heart 
failure and those with ischemic heart disease have abnor- 
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malities in both LV filling and LV ejection rates so that 
the relation between LV filling and LV ejection is close to 
1. These different patterns of LV diastolic abnormalities 
have generated a number of normalization indexes, with 
the aim of making it possible to compare patients with 
each other and to compare a patient with himself at 
various points in the follow-up of a certain disease. 
Normalization of LV filling rate was performed for 
LV end-diastolic volume (or its equivalent such as LV 
diameter or LV end-diastolic counts), heart rate (or its 
equivalent such as the ,/RR interval or the square root of 
RR), stroke volume or LV peak ejection rate.!? This 
latter index (peak filling/peak ejection rate) takes into 
consideration the various factors that influence ejection 
and filling phases of the cardiac cycle simultaneously and 
the interrelation between LV systole and diastole. As a 
result, it becomes apparent that in the evaluation of LV 
diastolic function, one has to examine simultaneously the 
ratio of LV peak filling rate over LV ejection rate and the 
absolute value of LV peak filling rate (Table I). A pri- 
mary diastolic filling abnormality is characterized by a 
reduced LV filling rate relative to the corresponding LV 
peak ejection rate so that the ratio of peak filling rate over 
peak ejection rate is less than normal. On the other hand, 
a secondary abnormality in peak filling rate is character- 
ized by a simultaneous reduction in peak filling rate and 
peak ejection rate with a normal ratio between these 2 
parameters. In this context, one may diagnose diastolic 
function abnormalities of the left ventricle even in the . 
presence of an increased absolute value of LV filling rate; 
e.g., in the presence of hyperkinetic circulation or in- 
creased adrenergic activity, both LV ejection and filling 
would be expected to be accelerated but diastolic LV 
function may be diagnosed as normal or abnormal ac- 
cording to the relative behavior of LV filling compared 
with LV ejection. If LV filling rate divided by LV ejection 
rate is less than the lower limits of normal, this pattern 
will be diagnosed as LV diastolic dysfunction even if the 
absolute value of LV filling rate is higher than normal. 
Factors influencing left ventricular filling and relaxa- 
tion: Several factors are known to affect LV diastolic 
function (Table IT) including sympathetic activity and 
catecholamines, heart rate, calcium kinetics, atrial ven- 
tricular dynamics, LV end-diastolic volume, LV geome-.. 
try and mass as well as factors extrinsic to the heart itself 
such as age, pericardial restraint and right ventricular 
dynamics. The mechanism by which catecholamines in- 
fluence LV diastolic function has been related to their 
ability to enhance calcium sequestration by the sarcoplas- 
mic reticulum.!? The role of intracellular calcium as a 
determinant of LV filling and relaxation characteristics 
has been studied extensively; a calcium overload results in 
myocardial contracture due to inability to relax. How- 
ever, calcium entry blockers were shown to accelerate LV 
filling rate in the hypertensive heart as well as in cardio- 
myopathy due to outflow tract obstruction.!^ The exact 
relation between calcium kinetics and LV relaxation de- 
pends on both the influx of calcium inside the cell as well 
as the reuptake of calcium by the sarcoplasmic reticulum; 
in this context, enzymes that stimulate the reuptake of 
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calcium by the sarcoplasmic reticulum such as the calci- 
um-dependent adenosine triphosphatase may play an im- 
portant role in the determination of LV relaxation and 
filling.!? 

Although the influence of heart rate on LV peak fill- 
ing rate was easy to demonstrate, the relation between 
LV mass and LV filling proved to be more complex and 
requires further discussion. With regard to the influence 
of heart rate, we observed that stimulation of heart rate 
by temporary pacing resulted in an increase in LV filling 
rate; this increase, however, disappeared when LV filling 
rate was normalized for the corresponding „RR inter- 
val." With regard to left ventricular mass, we and oth- 
ers!5.? reported an inverse relation between LV mass and 
LV peak filling rate in hypertension. This relation, how- 
ever, could not be proved in the physiologic hypertrophy 
of the left ventricle of athletes,?? indicating that LV mass, 
per se, is not the most important determinant of LV peak 
filling rate. In our study,!? we have found that the relation 
between LV peak filling rate and the various components 
of the formula of LV mass was mostly due to end-systolic 
diameter. Such data suggest that LV systolic function is 
more important than LV mass as a determinant of LV 
peak filling rate. This conclusion was supported by the 
relation we and others??? found between LV percent 
fraction shortening and LV peak filling rate in the hyper- 
tensive heart. 

In as much as coronary blood flow and coronary flow 


S Ieserve might be influenced in the hypertensive heart, one 


may relate at least part of the impairment of LV relaxa- 
tion and filling in hypertension to the abnormalities in the 
coronary circulation. The relation between coronary isch- 
emia and LV diastolic filling has been more strongly 
demonstrated in patients with coronary artery disease. 
Thus, Bonow et al”? showed that LV peak filling rate 
accelerates after percutaneous transluminal coronary an- 
giography; we also demonstrated that LV peak filling 
rate improves after coronary bypass surgery in associa- 
tion with an improvement in LV ejection rate. 
Physiologic importance of left ventricular diastolic 
dysfunction in hypertension: The physiologic signifi- 
cance of LV diastolic dysfunction in hypertension has not 
been fully elucidated. Our recent studies have indicated 
that there could be an association between abnormalities 
in LV diastolic filling rate and in cardiopulmonary recep- 
tor function in hypertension. In this respect, the sensitiv- 
ity of cardiopulmonary receptors has been found to be 
reduced in hypertensive animals?^; also, such an abnor- 
mality has been suggested in humans by evaluation of the 
responses of total peripheral resistance and for vascular 
resistance to upright posture or to lower body negative 
pressure in hypertensive humans.???6 We tested the hy- 
pothesis that cardiopulmonary receptor function is re- 
duced in hypertensive patients with suppressed LV dia- 
stolic filling rate. Our preliminary data revealed that the 
increase of total peripheral resistance to head-up tilt was 
blunted in hypertensive patients with abnormal normal- 
ized diastolic filling rate.!! A more detailed investigation 
of the response of total peripheral resistance to graded 
peripheral venous pooling (obtained by lower body nega- 


TABLE I Relation Between Left Ventricular Diastolic Filling 
Rate and Left Ventricular Ejection Rate 


Filling 
Rate 


Ejection 
Rate 


Normal 
1° Diast. abn. 


2° Diast. abn. 


abn. = abnormal; Diast. = diastole; N = normal. 


TABLE ll Determinants of Left Ventricular Relaxation 


Sympathetic activity 
Catecholamines 

Heart rate 

Ca?* kinetics 
Atrioventricular dynamics 
LV end-systolic volume 
Asynchrony (nonuniformity) 





CA?* = calcium ion; LV = left ventricular. 


tive pressure) revealed that hypertensive patients with 
low diastolic filling rate had a diminished response of 
total peripheral resistance to various grades of lower body 
negative pressure compared with hypertensive patients 
with normal diastolic filling rate and with age-matched 
normal volunteers. These changes were observed de- 
spite the presence of normal vascular reactivity response 
to cold pressor tests in all patient groups. The parallelism 
between the total peripheral resistance—lower body neg- 
ative pressure in the various groups—indicates that car- 
diopulmonary receptors are reset in hypertensive patients 
with abnormal LV filling rate. The mechanism of this 
resetting is, however, still unclear. 

The response of total peripheral resistance, cardiac 
output and ejection fraction to various grades of exercise 
is, however, similar in hypertensives with abnormal and in 
hypertensives with normal LV diastolic filling rate. These 
findings suggest that cardiovascular regulation in re- 
sponse to exercise is more controlled by peripheral vascu- 
lar factors than by cardiac mechanisms. 

Research aspect of left ventricular diastolic function 
in hypertension: We do not know when, during hyperten- 
sion, diastolic dysfunction appears, nor which index of 
diastolic dysfunction appears first. In an attempt to an- 
swer the first question, we have followed indexes of LV 
diastolic function obtained from M-mode echocardiogra- 
phy in the conscious dog model at various stages after 
induction of hypertension by bilateral renal artery con- 
striction. Rather than noticing a depression of LV diastol- 
ic function in relation to the development of hypertension, 
an accentuation of diastolic filling rate early in the course 
of the disease was seen (3 to 6 weeks after bilateral renal 
artery constriction); LV filling rate normalized for LV 
ejection rate started to reach control levels afterward, but 
there was no evidence of decrease to below normal of LV 
filling index during this short-term follow-up period. The 
return of LV diastolic filling index toward normal coin- 
cided with the appearance of LV hypertrophy, suggesting 


THE AMERICAN JOURNAL OF CARDIOLOGY APRIL 3, 1990 87G 





A SYMPOSIUM: ARTERIAL HYPERTENSION — CARDIAC HYPERTROPHY AND FAILURE 


that intracardiac structural changes may be responsible 
for the alteration in LV diastolic function index, rather 
than the presence of hypertension. This finding is of im- 
portance because of 2 reasons: One reason relates to the 
pathophysiology of LV diastolic alterations: our findings 
suggest that early adrenergic stimulation occurs in reno- 
vascular hypertension, whether primary or secondary to 
increased levels of circulating angiotensin II. The second 
reason relates to the question of reversibility of LV dia- 
stolic dysfunction in hypertension. It is well established 
that LV hypertrophy regression may be obtained by med- 
ical treatment of hypertensive patients and animals.?? 
One may postulate that regression of LV hypertrophy 
may be associated with normalization of LV diastolic 
function in hypertensive patients. This hypothesis gains 
more importance when considered in relation to our find- 
ings of altered peripheral vascular responses in hyperten- 
sive patients with abnormal diastolic function and in rela- 
tion to the recent report by Grassi et al? showing that the 
sensitivity of cardiopulmonary receptors in hypertension 
may be normalized during regression of LV hypertrophy 
in hypertensive patients. 

Finally, the abnormality of diastolic filling is impor- 
tant as an early index of cardiac involvement in hyperten- 
sion and other diseases. However, it is not known whether 
this abnormality is also associated with abnormalities of 
other diastolic function indexes such as relaxation and 
compliance. If LV diastolic filling abnormality reflects 
abnormalities in LV compliance, it could be an early 
indication of the syndrome of congestive heart failure 
that may occur in the presence of normal systolic function 
and may suggest specific lines of treatment of the syn- 
drome. Contrary to congestive heart failure with systolic 
dysfunction, this syndrome might respond to other forms 
of therapy including drugs that enhance LV relaxation 
such as calcium entry blockers, and those that indirectly 
improve relaxation by prolonging the diastolic filling rate 
or reducing myocardial oxygen consumption such as 6 
blockers. Diuretics should be administered cautiously in 
such patients because of the possibility of depriving the 
heart of the volume-supporting mechanism to maintain 
the cardiac output. These various points should, however, 
be proved by proper investigational studies. 


CONCLUSIONS 

LV diastolic dysfunction is now being recognized not 
only as a diagnostic phenomenon in hypertension, but 
also as playing a role in the functional aspects of cardio- 
vascular regulation. Further studies need to be performed 
for an in-depth understanding of the modulation of dia- 
stolic function in hypertension by various factors and to 
explore the possibility of prevention or normalization of 
LV diastolic dysfunction in this disease. 
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What’s a commo 
denominator 

of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,’ and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol.” 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 








A powerful 
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Raised low HDL 25% 


—in patients whose baseline HDL was below 
35 mg/dL in the landmark Helsinki Heart Study (HHS)3 


Reduced heart attack 
incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose 
baseline HDL was below the median (464 mg/dL). Incidence | 
of serious coronary events was similar for LOPID and placebo 
subgroups with baseline HDL above the median (464 mg/dL)3 


Raised HDL levels 1⁄2 to 3 times 
more effectively than lovastatin 


—in a 12-week, double-blind, randomized trial among 
patients with moderate to severe hyperlipidemia. 
Lovastatin achieved greater reductions in total serum 
cholesterol than gemfibrozil in this study population^ 


RAISES HDL 
DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease 
(CHD) in Type IIb patients with low HDL, in addition to elevated LDL 
and triglycerides, and who have had an inadequate response to weight 
loss, diet, exercise, and other pharmacologic agents such as bile acid 
sequestrants and nicotinic acid. 


*Defined as a combination of definite coronary death and/or definite 
myocardial infarction. 
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Before prescribing, please see full prescribing information. 
A Brief Summary follows. 
CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. 
2. Preexisting gallbladder disease (See WARNINGS). 
3. Hypersensitivity to gemfibrozil. 
WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 


_ tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 


studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 
with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 112 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 1/2 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
Carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. — * 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p=0.1). In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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from controls in the incidence of liver tumors, but the doses tested were lower than those 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to th® male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two other drugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. 

5. Pregnancy Category B — Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%): 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebial hemorrhage. 

From other studies it seems probable that Lopid is causally related tothe occurrence — ;^ 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 

Additional adverse reactions that have been reported for gemfibrozil are listed below 
by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Engl J Med E 
1987;317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription. 
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CORONARY ARTERY DISEASE 


Ss yen Dec A GES Pe One SP Eg EO i ee ae 
Usefulness of Two-Dimensional Echocardiography for 
immediate Detection of Myocardial Ischemia in the 
Emergency Room 

Cathinka H. Peels, Cees A. Visser, Albert J. Funke Kupper, 
Frans C. Visser, and Jan P. Roos 


Two-dimensional echocardiography during acute chest pain in 
the emergency room was performed in patients with a normal 
or nondiagnostic electrocardiogram for immediate detection of 
coronary artery disease. When the electrocardiogram is non- 
diagnostic during acute chest pain, 2-dimensional echocardiog- 
raphy during pain can readily identify patients with coronary 
artery disease in the emergency room and it can accurately 
rule out an acute myocardial infarction. 


7 DSO a a a E a Sa 
Influence of Myocardial Infarction Size on Radionuclide 
and Doppler Echocardiographic Measurements of 
Diastolic Function 

Karl-Arne Johannessen, Manuel D. Cerqueira, and 

John R. Stratton 


In 83 patients who had had acute myocardial infarctions 8 to 
12 weeks ago, we studied the relation between infarction size 
and diastolic function—as measured by both radionuclide and 
Doppler techniques. Results suggest that, in addition to the 
other variables known to influence diastolic measurements, in- 
farction size influences diastolic function as assessed by either 
radionuclide imaging or Doppler echocardiography. 
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Usefulness of Angioplasty During Acute Myocardial 
Infarction in Patients with Prior Coronary Artery 
Bypass Grafting 


Joel K. Kahn, Barry D. Rutherford, David R. McConahay, 
Warren Johnson, Lee V. Giorgi, Robert Ligon, and 
Geoffrey O. Hartzler 


In 72 patients with evolving myocardial infarctions who had 
had previous coronary bypass grafts, we performed direct coro- 
nary angioplasty. Patients did not receive thrombolytic thera- 
py. Results show that previous bypass grafting should not pre- 
clude the use of angioplasty in this setting, which can be done 
with low procedural risk, good improvement in ventricular 
function and excellent survival. 
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703 

Effects of Atrial Pacing and Dipyridamole 
Administration on Coronary Hemodynamics of 
Collateralized Myocardial Regions in Stable Angina 
Pectoris 

Stefano de Servi, Maurizio Ferrario, Stefano Ghio, 

Luigi Angoli, Ezio Bramucci, Diego Ardissino, and 
Giuseppe Specchia 


In 14 patients with stable angina, no previous myocardial in- 
farction and an angiographic pattern of complete occlusion of 
the proximal left anterior descending artery, we measured 
great cardiac vein flow by thermodilution under control condi- 
tions and after dipyridamole administration. Our data show 
that dipyridamole administration induces more profound elec- 
trocardiographic signs of ischemia than atrial pacing in pa- 
tients with stable angina and an occluded left anterior descend- 
ing artery retrogradely filled by collateral vessels. 


709 

Magnesium Detected by Intravenous 
Loading Test in Variant Angina Pectoris 

Kazuo Goto, Hirofumi Yasue, Ken Okumura, Koshi 
Matsuyama, Kiyotaka Kugiyama, Hiroo Miyagi, and 
Toshinobu Higashi 


Is magnesium deficiency present in patients with variant angi- 
na? We examined 24-hour retention of a low dose of Mg ad- 
ministered intravenously over 4 hours in 20 patients with vari- 
ant angina and 21 control subjects. There is Mg deficiency in 
many patients with variant angina, and it can be corrected 
after treatment with calcium antagonists. 


713 

Possible Role of Coronary Artery Spasm in 
Unexplained Syncope 

Yutaka Igarashi, Masaru Yamazoe, Kaoru Suzuki, 
Yusuke Tamura, Taku Matsubara, Yasuhiko Tanabe, 
Toshio Yamaguchi, Kenichi Watanabe, Yoshifusa Aizawa, 
and Akira Shibata 


In 14 patients (8 men and 6 women, mean age 56 + 6 years) 
with syncope that remained unexplained despite neurologic 
and noninvasive cardiac evaluations, we performed coronary 
spasm provocation by intracoronary methylergonovine. Our re- 
sults suggest that coronary spasm is involved in unexplained 


syncope. 


THE AMERICAN JOURNAL OF CARDIOLOGY MARCH 15, 1990 AS 


(ER 





718 
Significance of Silent Myocardial Ischemia 
on a Thallium Stress Test 
Louis I. Heller, Mary Tresgallo, Robert R. Sciacca, 
David K. Blood, David W. Seldin, and Lynne L. Johnson 


The purpose of this study was to determine whether the pres- 
ence or absence of angina during a thallium stress test positive 
for ischemia was independently predictive of an adverse out- 
come. Two hundred thirty-four consecutive patients with isch- 
emia on a thallium stress test were identified: follow-up was 
obtained on 156 patients, 82 with and 74 without angina. 
There was no difference in the incidence of cardiac events nor 
was there a difference in mortality between the 2 groups. 
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Influence of Ventricular Function and Presence or 
Absence of Coronary Artery Disease on Results of 
Electrophysiologic Testing for Asymptomatic 
Nonsustained Ventricular Tachycardia 

Stephen C. Hammill, Jane M. Trusty, Douglas L. Wood, 

Kent R. Bailey, Pierce J. Vatterott, Michael J. Osborn, 

David R. Holmes, Jr., and Bernard J. Gersh 


To assess the value of electrophysiologic testing, we evaluated 
110 patients with asymptomatic nonsustained ventricular 
tachycardia. Ejection fraction and New York Heart Associa- 
tion class were the only 2 independent predictors of events 
during follow-up. 
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Defects and Modes of Permanent Cardiac 
Pacing 
Massimo Santini, Georgia Alexidou, Gerardo Ansalone, 
Giuseppe Cacciatore, Roberto Cini, and Gioia Turitto 


A large population of sick sinus syndrome patients was ana- 
lyzed to determine whether age, presence of conduction distur- 
bances and mode of permanent pacing are related to the occur- 
rence of supraventricular tachyarrhythmias, cerebral embo- 
lism and cardiac mortality. Three hundred thirty-nine patients 
permanently paced (AAI in 135 patients, DDD in 79 patients 
and VVI in 125 patients) because of SSS were followed for a 
mean period of 5 years (range 2 to 10); patients were divided 
into 4 groups according to age (< or >70 years) and the pres- 
ence or absence of conduction disorders. Our data indicate that 
the AAI and DDD modes should always be preferred to the 
VVI mode in the treatment of SSS, particularly in patients 
>70 years of age. 


736 

Mechanism of Postextrasystolic Potentiation in the 
Right Ventricle 

Louis J. Dell'Italia 


The mechanism of postextrasystolic potentiation was studied 
in the right ventricle in patients with normal coronary anatomy 
using simultaneous high-fidelity pressures and cast-validated 
biplane cineangiographic volumes. Data indicate that in the 
right ventricle, PESP may result from a preload-dependent 
mechanism rather than enhanced contractility because end- 
diastolic volume and stroke volume increase significantly as 
end-systolic volume and +dP/dtmax remain unchanged in the 
potentiated beat. 
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Relation of Prognosis in Sick Sinus Syndrome to Age, 
Conduction 


SYSTEMIC HYPERTENSION 


742 

Risk of Ventricular Arrhythmias in Hypertensive Men 
with Left Ventricular H 

David Siegel, Melvin D. Cheitlin, Dennis M. Black, 

Dana Seeley, Norman Hearst, and Stephen B. Hulley 


Hypertensive men (mean age 62 years), withdrawn from diu- 
retic therapy and repleted with potassium and magnesium for 
| month, underwent electrocardiographic and echocardio- 
graphic studies to determine evidence of left ventricular hyper- 
trophy and ventricular arrhythmias. Results suggest that men 
who were positive for LV hypertrophy by echocardiography 
had more frequent and complex arrhythmias. 
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748 

Usefulness of Dopexamine Hydrochloride Versus 
Dobutamine in Chronic Congestive Heart Failure and 
Effects on Hemodynamics and Urine 

Gert Baumann, Stephan B. Felix, and Sarah A.L. Filcek 


The short- and long-term (48-hr) hemodynamics of dopexa- 
mine and dobutamine were compared in 33 patients with se- 
vere, stable chronic heart failure (New York Heart Associa- 
tion class III to IV). Both drugs produced beneficial effects, 
and were well tolerated. However, dopexamine elicited longer 
peak hemodynamic effects, favorable renal responses and dem- 
onstrated no long-term attenuation of effect. 


755 
Defective Myocardial Carnitine Metabolism in 
Congestive Heart Failure to Dilated 


Cardiomyopathy and to Coronary, Hypertensive and 
Valvular Heart Diseases 
Vera Regitz, Austin Leo Shug, and Eckart Fleck 


To evaluate a possible loss of carnitine in adult heart failure 
patients, we determined, for the first time, carnitine levels in 
endomyocardial biopsies from patients with dilated cardiomy- 
opathy (28), with heart failure of different origin (8) and nor- 
mal control subjects (13). Alterations in myocardial carnitine 
metabolism occur frequently in heart failure and represent 
nonspecific biochemical markers with yet unknown functional 
consequences. 
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Balloon Dilatation of the Stenosed Aortic Valve: 
How Does It Work? Why Does It Fail? 

Francis Robicsek, Norris B. Harbold, Jr., 

Lawrence N. Scotten, and David K. Walker 


Using the circulatory model, hemodynamic changes that may 
occur in patients undergoing aortic balloon valvuloplasty were 
studied. These studies suggest that in patients with aortic ste- 
nosis, the pressure gradient may be effectively decreased by 
minimal dilatation of the aortic orifice; however, these patients 
remain in jeopardy because recurrent narrowing may cause a 
gradient incompatible with life. 
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Comparison of Proximal Left Anterior Descending and 


Circumflex Coronary Artery Dimensions in Aortic 
Valve Stenosis and Hypertrophic Cardiomyopathy 
Brian P. Kimball, Victor LiPreti, Sanh Bui, and 

E. Douglas Wigle 


We studied the relation between proximal coronary artery di- 
mensions and regional ventricular mass in aortic valve stenosis 
and hypertrophic cardiomyopathy. Relatively underdeveloped 
coronary conductance vessels may contribute to anteroseptal 
myocardial ischemia and result in angina pectoris, increased 
ventricular ectopic activity and possibly sudden death in HC. 


CONGENITAL HEART DISEASE 


772 

Results of the Valvuloplasty and Angioplasty 
of Congenital Anomalies R 

Hugh D. Allen and Charles E. Mullins 


775 
Balloon Pulmonary Valvuloplasty: Results of the 
DE en rene Anomalies 


egistry | 
Paul Stanger, Steven C. Cassidy, Donald A. Girod, 
Jean S. Kan, Zuhdi Lababidi, and Stephen R. Shapiro 


Pediatric cardiologists attempted 822 balloon pulmonary val- 
vuloplasties at the 26 member institutions of the Valvuloplasty 
and Angioplasty of Congenital Anomalies Registry. The re- 
sults document the very low mortality and morbidity associ- 
ated with BPV, as well as the good results. 


784 

Balloon Aortic Valvuloplasty: Results of the 
Valvuloplasty and Angioplasty of Congenital Anomalies 
Regi 


egistry 
Albert P. Rocchini, Robert H. Beekman, Giora Ben Schachar, 
Lee Benson, David Schwartz, and Jean S. Kan 


We reviewed data from 204 children and infants who under- 
went aortic balloon valvuloplasty between 1982 and 1986 re- 
ported to the Valvuloplasty and Angioplasty of Congenital 
Anomalies Registry. Our data suggest that percutaneous bal- 
loon valvuloplasty provides effective acute relief of valvar aor- 
tic stenosis in both infants and children; however, long-term 
follow-up data are necessary to establish balloon valvuloplasty 
as a treatment of choice for congenital valvar aortic stenosis. 
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Balloon Angioplasty for the Treatment of Native 
Coarctation: Results of Valvuloplasty and Angioplasty 
of Congenital Anomalies Registry 

Michael Tynan, John P. Finley, Vilmir Fontes, John Hess, and 
Jean Kan 


Data on dilation of 141 native coarctation procedures in 140 
patients between 3 days and 29 years of age were submitted to 
the Valvuloplasty and Angioplasty of Congenital Anomalies 
Registry. The data suggest that dilation of native coarctations 
can be performed effectively and relatively safely but do not 
answer whether this procedure should be performed. 


793 i SEN S CE E EEAS ESE For mami n 
Balloon Angioplasty for Aortic Recoarctation: Results 
of Valvuloplasty and Angioplasty of Congenital 
Anomalies Registry 

William E. Hellenbrand, Hugh D. Allen, Richard J. Golinko, 
Donald J. Hagler, William Lutin, and Jean Kan 


Data on balloon angioplasty performed in 200 patients with 
recoarctation of the aorta were entered into the Valvuloplasty 
and Angioplasty of Congenital Anomalies Registry. The aver- 
age age at the time of the procedure was 7.0 years (range 1 
month to 26 years). After angioplasty, residual pressure differ- 
ences of <20 mm Hg were found in 79.4% of the patients. 
Balloon angioplasty offers a satisfactory alternative to surgery 
for recurrent coarctation; both results and complication rates 
compare favorably with surgical therapy. 


798 OEE EN ET GMA ee EE I4 
Balloon Angioplasty-Branch Pulmonary Artery 
Stenosis: Results from the Valvuloplasty and 
Angioplasty of Congenital Anomalies Registry 

Jean S. Kan, William J. Marvin, Jr., John L. Bass, 

Alexander J. Muster, and John Murphy 


Balloon angioplasty for branch pulmonary artery stenosis was 
reported from 27 institutions to the Valvuloplasty and Angio- 
plasty of Congenital Anomalies Registry. One hundred eighty- 
two procedures were performed in 156 patients ranging in age 
from 0.2 to 46.2 years (mean 7.7). Data indicate that balloon 
angioplasty for branch pulmonary artery stenosis increases ves- 
sel dimension at the site of stenosis, reduces systolic pressure 
gradient and to a minor degree, reduces proximal pressure. 


SON ior he a ih acr PRS ae X A 
Balloon Dilation of Miscellaneous Lesions: Results of 
Valvuloplasty and Angioplasty of Congenital Anomalies 
Registry 

Charles E. Mullins, Larry A. Latson, William H. Neches, 
Edward V. Colvin, and Jean Kan 


Data submitted to the Valvuloplasty and Angioplasty of Con- 
genital Anomalies Registry for “other” and “miscellaneous” 
lesion dilations were examined. Because the lesions and the 
dilation techniques were so varied, we cannot offer firm con- 
clusions on efficacy. The data do show, however, that these 
dilations are safe compared to alternative surgical therapy. 
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Assessment of the Hemodynamic Response to Acetyl- 
Strophanthidin by Doppler Echocardiography in 

Normal Subjects and in Those with Coronary Artery 
Disease or Idiopathic Dilated Cardiomyopathy 

Helmut W. Lange, Steven Lampert, Martin G. St. John 
Sutton, and Bernard Lown 


Using Doppler echocardiography, we assessed the effect of 
acetyl-strophanthidin, a rapidly acting, digitalis-like drug, in 
21 subjects with a wide range of left ventricular ejection frac- 
tions. There were significant differences between normal 
hearts and hearts with depressed function in peak flow velocity, 
stroke distance and cardiac output. Given the narrow toxic-to- 
therapeutic ratio of digitalis, acetyl-strophanthidin testing 
combined with Doppler could be a useful noninvasive acute 
test when intravenous digitalis is given to improve forward 
blood flow. 
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BALANCED 
CARDIODYNAMICS 


Cardizem decreases 
peripheral resistance anq 
myocardial work load” 
— SO patients can do more 


Cardizem has little 
or no effect on myocardial 
contractile force“ 

— With virtually no clinically 
significant negative inotropic 
effect in patients with 

normal LV function ™ 


“Caution should be used in patients with CHF. 


tCARDIZEM” (diltiazem HCI) is indicated in the treatment of angina 
pectoris due to coronary artery soasm and in the managemen 
Chronic stable angina (classic effort-associated angina) in patients who 


tof 
cannot tolerate therapy with beta-blockers and/or nitrates or who remain 
symptomatic despite adequate doses of these agents. 
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Cardizem increases 
coronary blood flow” 
— giving patients more 


pain-free days” 


Cardizem often 
achieves desirable 
reductions in heart rate” 
— Without slowing patients down 


BALANCED CARDIODYNAMICS 
EL WHAT MAKE CARDIZEM, 


TABLETS 


diltiazem HCI/Marion so mg tid 


Piease see brief summary of prescribing information on next page. 
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BRIEF SUMMARY 


CARDIZEM * 
(diltiazem HCI) Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular pace- 
maker, (2) patients with second- or third-degree AV block except in 
the presence of a functioning ventricular pacemaker, (3) patients 
with hypotension (less than 90 mm Hg systolic), (4) patients who 
hove demonstrated hypersensitivity to the drug, and (5) patients 
with acute myocardial infarction and pulmonary congestion docu- 
mented by x-ray on admission 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refractory 
periods without significantly prolonging sinus node recovery 
time, except in patients with sick sinus syndrome. This effect 
may rarely result in abnormally slow heart rates (particularly in 
patients with sick sinus syndrome) or second- or third-degree 
AV block (six of 1,243 patients for 0.48%). Concomitant use of 
diltiazem with beta-blockers or digitalis may result in additive 
effects on cardiac conduction. A patient with Prinzmetal's an- 
gina developed periods of asystole (2 to 5 seconds) after a 
single dose of 60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a negative 
inotropic effect in isolated animal tissue preparations, hemody- 
namic studies in humans with normal ventricular function have 
not shown a reduction in cardiac index nor consistent negative 
effects on contractility (dp/dt). Experience with the use of 
CARDIZEM alone or in combination with beta-blockers in pa- 
tients with impaired ventricular function is very limited. Caution 
should be exercised when using the drug in such patients 

3. Hypotension. Decreases in blood pressure associated with 
CARDIZEM therapy may occasionally result in symptomatic 
hypotension. 

4. Acute Hepatic Injury. In rare instances, significant elevations in 
enzymes such as alkaline phosphatase, LDH, SGOT, SGPT, and 
other phenomena consistent with acute hepatic injury have 
been noted. These reactions have been reversible upon discon- 
tinuation of drug therapy. The relationship to CARDIZEM is 
uncertain in most cases, but probable in some. (See 
PRECAUTIONS. ) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively 
metabolized by the liver and excreted by the kidneys and in bile. As 
with any drug given over prolonged periods, laboratory parameters 
should be monitored at regular intervals. The drug should be used 
with caution in patients with impaired renal or hepatic function. In 
subacute and chronic dog and rat studies designed to produce 
toxicity, high doses of diltiazem were associated with hepatic dam- 
age. In special subacute hepatic studies, oral doses of 125 mg/kg 
and higher in rats were associated with histological changes in the 
liver which were reversible when the drug was discontinued. In 
dogs, doses of 20 mg/kg were also associated with hepatic 
changes; however, these changes were reversible with continued 
dosing 

Dermatological events (see ADVERSE REACTIONS section) may 
be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema mul- 
tiforme and/or exfoliative dermatitis have also been infrequently 
reported. Should a dermatologic reaction persist, the drug should 
be discontinued. 

Drug Interaction. Due to the potential for additive effects, caution 
and careful titration are warranted in patients receiving CARDIZEM 
concomitantly with any agents known to affegt cardiac contractility 
and/or conduction. (See WARNINGS.) 

Pharmacologic studies indicate that there may be additive effects 
in prolonging AV conduction when using beta-blockers or digitalis 
concomitantly with CARDIZEM. (See WARNINGS. ) 

As with all drugs, care should be exercised when treating po- 
tients with multiple medications. CARDIZEM undergoes biotrans- 
formation by cytochrome P-450 mixed function oxidase. 
Coadministration of CARDIZEM with other agents which follow the 
same route of biotransformation may result in the competitive 
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inhibition of metabolism. Dosages of similarly metabolized drugs, 
particularly those of low theropeutic ratio or in patients with renal 
and/or hepatic impairment, may require adjustment when starting 
or stopping concomitantly administered CARDIZEM to maintain 
optimum therapeutic blood levels. 

Beta-blockers: Controlled and uncontrolled domestic studies 
suggest that concomitant use of CARDIZEM and beta-blockers or 
digitalis is usually well tolerated. Available data are not sufficient, 
however, to predict the effects of concomitant treatment, particularly 
in patients with left ventricular dysfunction or cardiac conduction 
abnormalities 

Administration of CARDIZEM (diltiazem hydrochloride) concom- 
itantly with propranolol in five normal volunteers resulted in in- 
creased propranolol levels in all subjects and bioavailability of 
propranolol was increased approximately 50%. If combination 
therapy is initiated or withdrawn in conjunction with propranolol, an 
adjustment in the propranolol dose may be warranted. (See 
WARNINGS. ) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) and 
area-under-the-curve (53%) after a 1 -week course of cimetidine at 
1,200 mg per day and diltiazem 60 mg per day. Ranitidine pro- 
duced smaller, nonsignificant increases. The effect may be me- 
diated by cimetidine’s known inhibition of hepatic cytochrome 
P-450, the enzyme system probably responsible for the first-pass 
metabolism of diltiazem. Patients currently receiving diltiazem ther- 
apy should be carefully monitored for a change in pharmacological 
effect when initiating and discontinuing therapy with cimetidine. An 
adjustment in the diltiazem dose may be warranted 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentrations 
approximately 20%. Another investigator found no increase in 
digoxin levels in 12 patients with coronary artery disease. Since 
there have been conflicting results regarding the effect of digoxin 
levels, it is recommended that digoxin levels be monitored when 
initiating, adjusting, and discontinuing CARDIZEM therapy to avoid 
possible over- or under-digitalization. (See WARNINGS. ) 

Anesthetics: The depression of cardiac contractility, conducti- 
vity, and automaticity as well as the vascular dilation associated 
with anesthetics may be potentiated by calcium channel blockers 
When used concomitantly, anesthetics and calcium blockers 
should be titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24- 
month study in rats and a 21-month study in mice showed no 
evidence of carcinogenicity. There was also no mutagenic response 
in in vitro bacterial tests. No intrinsic effect on fertility was observed 
in rats. 

Pregnancy. Category C. Reproduction studies have been con- 
ducted in mice, rats, and rabbits. Administration of doses ranging 
from five to ten times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and fetal 
lethality. These doses, in some studies, have been reported to 
cause skeletal abnormalities. In the perinatal/postnatal studies, 
there was some reduction in early individual pup weights and 
survival rates. There was an increased incidence of stillbirths at 
doses of 20 times the human dose or greater 





Usual maintenance dosage: 
180 to 360 mg/day 


TABLETS 


There are no well-controlled studies in pregnant women; there- 
fore, use CARDIZEM in pregnant women only if the potential benefit 
justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One 
report suggests that concentrations in breast milk may approximate 
serum levels. If use of CARDIZEM is deemed essential, an alterna- 
tive method of infant feeding should be instituted 

Pediatric Use. Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out to 
date, but it should be recognized that patients with impaired ventric- 
ular function and cardiac conduction abnormalities have usually 
been excluded. 

In domestic placebo-controlled trials, the incidence of adverse 
reactions reported during CARDIZEM therapy was not greater than 
that reported during placebo therapy 

The following represent occurrences observed in clinical studies 
which can be at least reasonably associated with the pharmacol- 
ogy of calcium influx inhibition. In many cases, the relationship to 
CARDIZEM has not been established. The most common occur- 
rences as well as their frequency of presentation ore: edema 
(2.496), headache (2.196), nausea (1.996), dizziness (1.596), 
rash (1.396), asthenia (1.296). In addition, the following events 
were reported infrequently (less than 196): 

Cardiovascular: Angina, arrhythmia, AV block (first degree), AV 
block (second or third degree — see conduc- 
tion warning), bradycardia, congestive heart 
failure, flushing, hypotension, palpitations, 
syncope 

Nervous System: Amnesia, depression, gait abnormality, halluci- 
nations, insomnia, nervousness, paresthesia, 
personality change, somnolence, tinnitus, 
tremor. 

Gastrointestinal: Anorexia, constipation, diarrhea, dysgeusia, 
dyspepsia, mild elevations of alkaline phos- 
phatase, SGOT, SGPT, and LDH (see hepatic 
warnings), vomiting, weight increase. 

Dermatologic: ^ Petechioe, pruritus, photosensitivity, urticaria 

Other: Amblyopia, CPK elevation, dyspnea, epistaxis, 
eye irritation, hyperglycemia, nasal congestion, 
nocturia, osteoarticular pain, polyuria, sexual 
difficulties 

The following postmarketing events have been reported infre- 
quently in patients receiving CARDIZEM: alopecia, gingival hyper- 
plasia, erythema multiforme, and leukopenia. However, a definitive 
cause and effect between these events and CARDIZEM therapy is yet 
to be established. 
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Usefulness of Two-Dimensional Echocardiography for 
Immediate Detection of Myocardial ischemia in the Emergency 
Room 

Cathinka H. Peels, Cees A. Visser, Albert J. Funke Kupper, 

Frans C. Visser, and Jan P. Roos 


Two-dimensional echocardiography during acute chest pain in the emer- 
gency room was performed in patients with a normal or nondiagnostic 
electrocardiogram for immediate detection of coronary artery disease. 
Regional asynergy, easily detected with 2-dimensional echocardiography, 
is known to be one of the first signs in myocardial ischemia. Cardiac 
enzyme levels were measured serially and coronary angiography was 
performed within 3 weeks in all patients. The sensitivity and specificity of 
?-dimensional echocardiography for detection of coronary artery disease 
were 88 and 78%, respectively. The sensitivity, specificity and negative 
predictive accuracy of -dimensional echocardiography for detection of 
acute myocardial infarction were 92, 53 and 94%, respectively. When the 
electrocardiogram is nondiagnostic during acute chest pain, 2-dimensional 
echocardiography during pain can readily identify patients with coronary 
artery disease in the emergency room and it can accurately rule out an 
acute myocardial infarction. 


692 22 sk De ru i rrr 
Influence of Myocardial Infarction Size on Radionuclide and 
Doppler Echocardiographic Measurements of Diastolic 
Function 

Karl-Arne Johannessen, Manuel D. Cerqueira, and John R. Stratton 


The relation between myocardial infarction size and diastolic function— 
as measured by both radionuclide ventriculography and Doppler echocar- 
diography—was studied in 83 patients 8 to 12 weeks after acute myocardi- 
4l infarction. Infarction size was measured by resting tomographic thalli- 
um-201 imaging. There were significant correlations between infarction 
size and the peak early filling rate, the peak E velocity, deceleration of E, 
percent E filling, peak A velocity, percent A filling and E/A ratio (all p 
<0.05). The correlation of myocardial infarction size with both the peak 
early filling rate and the E/A ratio remained significant in multivariate 


Continued on page A18 
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RIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
IDERAL* LA brand of propranolol hydrochloride (Long Acting Capsules) 


ESCRIPTION. INDERAL LA is formulated to provide a sustained release of propranolol 
idrochloride. INDERAL LA is available as 60 mg, 80 mg, 120 mg, and 160 mg capsules. 


LINICAL PHARMACOLOGY. INDERAL is a nonselective, beta-adrenergic receptor- 
locking agent possessing no other autonomic nervous system activity. It specifically com- 
etes with beta-adrenergic receptor-stimulating agents for available receptor Sites. When 
ccess to beta-receptor sites is blocked by INDERAL, the chronotropic, inotropic, and vaso- 
lator responses to beta-adrenergic stimulation are decreased proportionately. 

INDERAL LA Capsules (60, 80, 120, and 160 mg)release apro ranolol HCl at a controlled and 
redictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours 
nd the apparent plasma half-life is about 10 hours. When measured at steady state over a 
'4-hour period the areas under the propranolol plasma concentration-time curve (AUCs) for 
re (aN are approximately 60% to 65% of the AUCs for a comparable divided daily dose 
if INDERAL Tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 
yopranolol, resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 
tour period, blood levels are fairly constant for about twelve (12) hours then decline exponen- 


ially. 

INDERAL LA should not be considered a simple mg-for-mg substitute for conventional 
yopranolo! and the blood levels achieved do not match (are lower than) those of two to four 
imes daily dosing with the same dose. When changing to INDERAL LA from conventional 
»ropranolol, a possible need for retitration upwards should be considered especially to main- 
ain effectiveness at the end of the dosing interval. In most clinical settings, however, such as 
qypertension or angina where there is little correlation between plasma levels and clinical 
atfect, INDERAL LA has been therapeutically be rg to the same mg dose of conventional 

lood pressure and on 24-hour exercise re- 
sponses of heart rate, systolic pressure, and rate pressure product. INDERAL LA can provide 


INDICATIONS AND USAGE. ension: INDERAL LA is indicated in the manage- 
ment of hypertension; it may be used alone or used in combination with other antihypertensive 
agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the management of 


hypertensive emergencies. 
. Angina Boctone Due to Coronary Atherosclerosis: INDERAL LA is indicated for the 
long-term management of patients with angina pectoris. 

i Migraine: INDERAL LA is indicated for the prophylaxis of common migraine headache. 
The efficacy of propranolol in the treatment of a migraine attack that has started has not been 
established and propranolol is not indicated for such use. 

Kr Subaortic Stenosis: INDERAL LA is useful in the management of hyper- 
trophic subaortic stenosis, especially for treatment of exertional or other stress-induced 
angina, palpitations, and syncope. INDERAL LA also improves exercise performance. The 
effectiveness of propranolo hydrochloride in this disease appears to be due to a reduction of 
the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation. 
Clinical improvement may be temporary. 


‘CONTRAINDICATIONS. |NDERAL is contraindicated in 1) cardiogenic shock; 2) sinus 
bradycardia and greater than first-degree 
block; 3) bronchial asthma; 4) congestive heart 
failure (see WARNINGS) unless the failure is 
secondary to a tachyarrhythmia treatable with 
.|NDERAL. 


"WARNINGS. CARDIAC FAILURE: Sympa- 
thetic stimulation may be a vital component 
supporting circulatory function in patients with 
congestive heart failure, and its inhibition by 
beta blockade may precipitate more severe 
failure. Although beta blockers should be 
avoided in overt congestive heart failure, ifnec- 
essary, they can be used with close follow-up in 
patients with a history of failure who are well 
‘compensated and are receiving digitalis and 
gens FER e eronqro blocking agents do not abolish the inotropic action of digitalis on 

-. heart muscle. 
IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE. continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore. at the first sign or symptom of heart 
- failure, the patient should be digitalized and/or treated with diuretics, and the response 
observed closely, or INDERAL should be discontinued (gradually, if possible). 


IN PATIENTS WITH ANGINA PECTORIS, there have been r 
angina and, in some cases, myocardial infarction, ee abrupt discontinuance of 
en discontinuance of INDE 


ONCE-DAILY 


®© 


(PROPRANOLOL HCI) 


LONG ACTING CAPSULES 























to reinstitute IN 
of unstable angina pectoris. Since coronary artery disease may be ilar dee it mey 
be prudent to follow the above advice in patients considered at risk of t 
atherosclerotic heart disease who are given proprano 







. Nonallergic rere one eg. chronic bronchitis, emphysema) — PATIENTS 

~ WITH BRONCHOSPASTIC DISEA SES SHOULD IN GENERAL NOT RECEIVE BETA 
BLOCKERS. INDERAL should be administered with caution since it may block bronchodilation 
produced uto enous and exogenous catecholamine stimulation of beta receptors. 

__ MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 
to major surgery is controversial. It should be noted, however, that the impaired ability of the 

.. heartto respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
vi Toad rtc 

- . INDERAL (propranolol HCI), like other beta blockers, debat podus inhibitor of beta-recep- 
tor agonists and its effects can be reversed by administration of such agents, eg. dobutamine 

. er isoproterenol. However, such patients may be subject to protracted severe hypotension. 

[s RE starting and maintaining the heartbeat has also been reported with beta blockers. 

-DIABETES AND HYPOGLYCEMIA: Beta blockers should be used with caution in diabetic 

.. patients if a beta-blocking agent is required. Beta blockers may mask tachycardia occurring 

SR pde iacto but other manifestations such as dizziness and sweating may not be 
- significantly affected. Following insulin-induced hypoglycemia, propranolol may cause a delay 

-in the recovery of blood glucose to normal levels. 

i THYROTOXICOSIS: Beta blockade ma mask certain clinical signs of hyperthyroidism. 

.. Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 

.. of hyperthyroidism, including thyroid storm. Propranolo! may change thyroid function tests, 

|. increasin T4 and reverse Ta, and nenangi 3. 

-IN PATIENTS WITH WO F-PARKINSON-WHITE SYNDROME, several cases have been 

| reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 


requiring a demand pacemaker. In one case, this resulted after an initial dose of 5 mg 
propranolol. 


PRECAUTIONS. GENERAL: Pro 
. paired hepatic or renal function. IN 
ypertensive emergencies. 


ranolol should be used with caution in patients with im- 
ERAL (propranolol HCI) is not indicated forthe treatment of 


; 
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Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients should 
be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may lead to a 
return of increased intraocular pressures 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 


DRUG INTERACTIONS: Patients receivin catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERA 


(propranolol HCl) is administered. The added 
catecholamine-blocking action may produce an excessive reduction of resting sympathetic 
nervous activity which may result in hypotension, marked bradycardia, vertigo, syncopal 
attacks, or orthostatic hypotension. t 

Caution should be exercised when patients receiving a beta blocker are administered a 
calcium-channel-blocking drug. especially intravenous yarapami, for both agents may de- 
press myocardial contractility or atrioventricular conduction. On rare occasions, the concomi- 
tant intravenous use of a beta blocker and verapamil has resulted in serious adverse reactions, 
especially in patients with severe cardiomyopathy, congestive heart failure, or recent myocar- 
dial infarction. 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol. 

Ethanol slows the rate of absorption of propranolol. 

Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance. 

Chlorpromazine, when used concomitantly with propranolol, results in increased plasma 
levels of both drugs. 

Antipyrine and lidocaine have reduced clearance when used concomitantly with 
propranoio - , 

hyroxine may result in a lower than expected T4 concentration when used concomitantly 

with propranolol. ait 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and 
increasing blood levels. 

Theophylline clearance is reduced when used concomitant ana ropranolol. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies in 
animals have been conducted to evaluate toxic effects and carcinogenic potential. In 18- 
month studies in both rats and mice, employing doses up to 150 mg/kg/day, there was no 
evidence of significant drug-induced toxicity. There were no drug-relat tumorigenic effects 
at any of the dosage levels. Reproductive studies in animals did not show any impairment of 
fertility that was attributable to the drug. 

PREGNANCY: Pregnancy Category C. INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should be 
used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

NURSING MOTHERS: INDERAL is excreted in human milk. Caution should be exercised 
when INDERAL is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely 
required the withdrawal of therapy. 

ardiovascular: Bradycardia; congestive heart failure; intensification of AV block; hypoten- 
sion; paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the 
Reygan type. 

entral Nervous System: Light-headedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; vivid dreams; an 
acute reversible syndrome characterized by 
disorientation for time and place, short-term 
memory loss, emotional lability, slightly 
clouded sensorium, and decreased perfor- 
* mance on neuropsychometrics. For immediate 
formulations, fatigue, lethargy, and vivid 
dreams appear dose related. 

Gastrointestinal; Nausea, vomiting, epigas- 
tric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial t rombosis, 
ischemic colitis. 

Allergic: Pharyngitis and agranuloc tosis, 
erythematous rash, fever combined with ach- 
ing and sore throat, laryngospasm and respira- 
tory distress. 


60mg 80mg 120mg 160mg 


Respiratory: Bronchospasm. 
Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 


i a C n extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, 
and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions involving 
the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) have not 
been associated with propranolol. 


DOSAGE AND ADMINISTRATION. INDERAL LA provides propranolol hydrochloride ina 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
Tablets to INDERAL LA Capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple mg-for-mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. etitration may 
be necessary, SU n to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION — Dosage must be individualized. The usual initial dosage is 80 mg 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may be 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieved. 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 
mg may be required. The time needed for full hypertensive response to a given dosage is 
variable and may range from a few days to several weeks. 

ANGINA PECTORIS— Dosage must be individualized. Starting with 80 mg INDERAL LA 
once daily, dosage should be gradually increased at three- to seven-day intervals until optimal 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimal dosage appears to be 160 mg once daily. In angina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established. 

if treatment is to be discontinued, reduce dosage gradually over a period of a few weeks (see 
WARNINGS). 

MIGRAINE — Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA 
once daily. The usual effective dose range is 160-240 mg once daily. The dosage may be 
increased gradually to achieve optimal migraine prophylaxis. If a satisfactory response is not 
obtained within four to six weeks after reaching the maximal dose, INDERAL LA morapy should 
be discontinued. It may be advisable to withdraw the drug gradually over a period o several 


weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS — 80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE — At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use. 

*The appearance of these capsules is a registered trademark of Wyeth-Ayerst Laboratories. 


WYETH-AYERST 52418 


LABORATORIES 
Philadelphia, PA 19101 
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analyses that included 2 other determinants of diastolic function: age and 
the diastolic filling period. Thus, in addition to other variables known to 
influence diastolic measurements, myocardial infarction size determines, 
in part, diastolic function as measured by either radionuclide or Doppler 
techniques. 


808. . 1. 2 o LT 
Usefulness of Angioplasty During Acute Myocardial Infarction 
in Patients with Prior Coronary Artery Bypass Grafting 

Joel K. Kahn, Barry D. Rutherford, David R. McConahay, Warren 
Johnson, Lee V. Giorgi, Robert Ligon, and Geoffrey O. Hartzler 


We treated 72 patients with evolving myocardial infarction and prior 
coronary artery bypass surgery with direct coronary angioplasty without 
thrombolytic therapy. Angioplasty was successful in 8596 of 48 acutely 
occluded vein grafts and 100% of 24 native arteries. Hospital survival was 
90% (95% in nonshock patients and 64% in patients with shock, p «0.01 ). 
Symptomatic acute reocclusion occurred in only 1 patient and there were 
no strokes or urgent bypass surgeries. In a subset of 26 patients with 
baseline and predischarge ventriculography, ejection fractions increased 
from 44 + 16% to 51 + 18% (p <0.01). Thus, prior coronary bypass 
surgery should not preclude reperfusion of acute infarction with direct 
angioplasty, which can be accomplished with low procedural risk, im- 
provement in ventricular function and excellent survival. 


709 — 2 Xu ee ee 
Effects of Atrial Pacing and Dipyridamole Administration on 
Coronary Hemodynamics of Collateralized Myocardial Regions 
in Stable Angina Pectoris 

Stefano de Servi, Maurizio Ferrario, Stefano Ghio, Luigi Angoli, 

Ezio Bramucci, Diego Ardissino, and Giuseppe Specchia 


In 14 patients with stable angina, no previous myocardial infarction and 
an angiographic pattern of complete occlusion of the proximal left anterior 
descending artery, great cardiac vein flow was measured by thermodilu- 
tion under control conditions and after dipyridamole administration. Both 
tests induced ischemic electrocardiographic changes in all patients, but 
dipyridamole resulted in greater ST-segment depression in 11 patients and 
transient ST-segment elevation in 3 patients. Dipyridamole induced isch- 
emia at a lower value of rate-pressure product despite a greater increase in 
great cardiac vein flow and a greater decrease in anterior region coronary 
resistance. Great cardiac vein oxygen saturation increased more signifi- 
cantly during dipyridamole-induced ischemia than at peak pacing. These 
data show that dipyridamole administration induces more profound elec- 
trocardiographic signs of ischemia than atrial pacing in patients with 
stable angina and an occluded left anterior descending artery retrogradely 
filled by collateral vessels. 


Continued on page A20 
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SUSTAINED-RELEASE CAPLETS 


BRIEF SUMMARY 

Contraindications: Severe LV dysfunction (see Warnings), hypotension (systolic pressure 
« 90 mm Hg) or cardiogenic shock, sick sinus syndrome (if no pacemaker is present), 2nd- or 3rd- 
degree AV block (if no pacemaker is present), atrial flutter/fibrillation with an accessory bypass tract 
(eg, WPW or LGL syndromes), hypersensitivity to verapamil. 

Warnings: Verapamil should be avoided in patients with severe LV dysfunction (eg, ejection fraction 
< 30%) or moderate to severe symptoms of cardiac failure and in patients with any degree of 
ventricular dysfunction if they are receiving a beta-blocker. Control milder heart failure with optimum 
digitalization and/or diuretics before Calan SR is used. Verapamil may occasionally produce hypotension. 
Elevations of liver enzymes have been reported. Several cases have been demonstrated to be produced 
by verapamil. Periodic monitoring of liver function in patients on verapamil is prudent. Some patients 
with paroxysmal and/or chronic atrial flutter/fibrillation and an accessory AV pathway (eg, WPW or 
LGL syndromes) have developed an increased antegrade conduction across the accessory pathway 
bypassing the AV node, producing a very rapid ventricular response or ventricular fibrillation after 
receiving |.V. verapamil (or digitalis). Because of this risk, oral verapamil is contraindicated in such 
patients. AV block may occur (2nd- and 3rd-degree, 0.8%). Development of marked 1st-degree block 
or progression to 2nd- or 3rd-degree block requires reduction in dosage or, rarely, discontinuation and 
institution of appropriate therapy. Sinus bradycardia, 2nd-degree AV block, sinus arrest, pulmonary 
edema and/or severe hypotension were seen in some Critically ill patients with hypertrophic cardio- 
myopathy who were treated with verapamil. 

Precautions: Verapamil should be given cautiously to patients with impaired hepatic function (in 
severe dysfunction use about 30% of the normal dose) or impaired renal function, and patients should 
be monitored for abnormal prolongation of the PR interval or other signs of overdosage. Verapamil 
may decrease neuromuscular transmission in patients with Duchenne's muscular dystrophy and may 
prolong recovery from the neuromuscular blocking agent vecuronium. It may be necessary to decrease 
verapamil dosage in patients with attenuated neuromuscular transmission. Combined therapy with 
beta-adrenergic blockers and verapamil may result in additive negative effects on heart rate, atrioven- 
tricular conduction and/or cardiac contractility; there have been reports of excessive bradycardia and 
AV block, including complete heart block. The risks of such combined therapy may outweigh the 
benefits. The combination should be used only with caution and close monitoring. Decreased 
metoprolol! clearance may occur with combined use. Chronic verapamil treatment can increase serum 
digoxin levels by 5096 to 7596 during the first week of therapy, which can result in digitalis toxicity. In 
patients with hepatic cirrhosis, verapamil may reduce total body clearance and extrarenal clearance of 
digitoxin. The digoxin dose should be reduced when verapamil is given, and the patient carefully 
monitored. Verapamil will usually have an additive effect in patients receiving blood-pressure-lowering 
agents. Disopyramide should not be given within 48 hours before or 24 hours after verapamil 
administration. Concomitant use of flecainide and verapamil may have additive effects on myocardial 
contractility, AV conduction, and repolarization. Combined verapamil and quinidine therapy in patients 
with hypertrophic cardiomyopathy should be avoided, since significant hypotension may result. 
Concomitant use of lithium and verapamil may result in a lowering of serum lithium levels or increased 
Sensitivity to lithium. Patients receiving both drugs must be monitored carefully. Verapamil may increase 
carbamazepine concentrations during combined use. Rifampin may reduce verapamil bioavailability, 


*In mild to moderate hypertension. 


Phenobarbital may increase verapamil clearance, Verapamil may increase serum levels of cyclosporin 
Concomitant use of inhalation anesthetics and calcium antagonists needs careful titration to avoid 
excessive cardiovascular depression. Verapamil may potentiate the activity of neuromuscular blocking 
agents (curare-like and depolarizing); dosage reduction may be required. Adequate animal carcinogen 
icity studies have not been performed. One study in rats did not Suggest a tumorigenic potential, an 
verapamil was not mutagenic in the Ames test. Pregnancy Category C. There are no adequate and 
well-controlled studies in pregnant women. This drug should be used during pregnancy, labor, and 
delivery only if clearly needed. Verapamil is excreted in breast milk: therefore. nursing should be 
discontinued during verapamil use. 

Adverse Reactions: Constipation (7.3%), dizziness (3.3%), nausea (2.7%), hypotension (2.5%) 
headache (2.2%), edema (1.9%), CHF, pulmonary edema (1.8%), fatigue (1.7%), dyspnea (1.4% 
bradycardia: HR < 50/min (1.4%), AV block: total 1°.2° 3° (1.2%), 2° and 3° (0.8%), rash (1.29 
flushing (0.6%), elevated liver enzymes. The following reactions, reported in 1.096 or less of patients 
occurred under conditions where a causal relationship is uncertain: angina pectoris, atrioventricular 
dissociation, chest pain, claudication, myocardial infarction, palpitations, purpura (vasculitis), syncope 
diarrhea, dry mouth, gastrointestinal distress, gingival hyperplasia, ecchymosis or bruising, cerebro 
vascular accident, confusion, equilibrium disorders, insomnia, muscle cramps, paresthesia, psychotic 
symptoms, shakiness, somnolence, arthralgia and rash, exanthema, hair loss, hyperkeratosis, macules 
sweating, urticaria, Stevens-Johnson syndrome, erythema multiforme, blurred vision gynecomastia 
increased urination, spotty menstruation, impotence. 2/9/89 « A88-W5282V-1 


-———  ——X —————————————.———————————»— ———-—————— MX 


References: 1. Reinfrank J, Eckardt A, Schneider G, et al: Long-term efficacy and safety of 
verapamil SR 240 mg in hypertension. Acta Therapeutica 1989:15:221-235. 2. Saunders E 

Weir MR, Kong BW, et al: A comparison of the efficacy ond safety of a beta blocker, calcium 
channel blocker, and converting enzyme inhibitor in hypertensive blacks. Arch Intern Med (to 
be published). 3. Speders S, Sosna J, Schumacher A, et al: Efficacy and tolerability of Isoptin 
SR in essential hypertension: Results of a phase IV study under practice conditions. Hochdruck 
1988;8:3-14. 4. Henry JA, Chester PC, Latham AN: Sustained-release verapamil or ateno- 
lol in essential hypertension. J Drug Dev 1988;1:69-75. 5. Midtbo KA, Hals O, Lauve O: A 
new sustained-release formulation of verapamil in the treatment of hypertension. J Clin 
Hypertens 1986;3:125S-132S. 6. Bochsler JA, Simmons RL, Ward PJ, et al: Verapamil SR 
and propranolol LA: A comparison of efficacy and side effects in the treatment of mild to 
moderate hypertension. J Hum Hypertens 1988:1:305-310. 
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ae VENAE we ee ee rere (TEC MET 
Magnesium Deficiency Detected by Intravenous Loading Test 
in Variant Angina Pectoris 

Kazuo Goto, Hirofumi Yasue, Ken Okumura, Koshi Matsuyama, 

Kiyotaka Kugiyama, Hiroo Miyagi, and Toshinobu Higashi 


To study whether magnesium (Mg) deficiency is present in patients with 
variant angina, we examined 24-hour retention of a low dose of Mg (0.2 
mEq/kg lean body weight) administered intravenously over 4 hours in 20 
patients with variant angina and 21 control subjects. Ten patients with 
variant angina were restudied 10 to 529 days (mean 235 + 30 days) after 
treatment with calcium antagonists that completely suppressed anginal 
attacks. The mean 24-hour Mg retention was significantly increased in the 
patients with variant angina compared with the control subjects (60 + 5 vs 
36 + 3%, p <0.001). The mean 24-hour Mg retention in 10 patients with 
variant angina decreased significantly (p <0.01) from 60 + 6 to 34 + 7% 
after the treatment with calcium antagonists. There is Mg deficiency in 
many patients with variant angina and it can be corrected after treatment 
with calcium antagonists. 
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Possible Role of Coronary Artery Spasm in Unexplained 
Syncope 

Yutaka Igarashi, Masaru Yamazoe, Kaoru Suzuki, Yusuke Tamura, Taku 
Matsubara, Yasuhiko Tanabe, Toshio Yamaguchi, Kenichi Watanabe, 
Yoshifusa Aizawa, and Akira Shibata 


The spasm provocation test was performed in 14 patients with unexplained 
syncope and no organic heart disease. All patients underwent methyl- 
ergonovine testing. Electrophysiologic testing was performed in 6 patients. 
Coronary artery spasm was provoked in 9 patients and monomorphic 
ventricular tachycardia was uninducible by electrophysiologic testing. 
Multivessel spasm was found in 3 patients and coronary spasms were 
induced in the coronary artery supplying the inferior wall in 7 of 9 patients. 
These results suggest that coronary spasm is involved in unexplained 
syncope. 


rh 5 AERE NEUE CER SERE N er AN ee ees E ESI AE — OA DEE Ee 
Prognostic Significance of Silent Myocardial Ischemia on a 
Thallium Stress Test 

Louis |. Heller, Mary Tresgallo, Robert R. Sciacca, David K. Blood, 

David W. Seldin, and Lynne L. Johnson 


To determine whether the presence or absence of angina during a thallium 
stress test positive for ischemia is independently predictive of an adverse 
outcome, a retrospective study (mean 5.2 + 2.6 years) was performed and 
follow-up was obtained on 156 patients, 82 with and 74 without angina. 
There was no difference in the incidence of subsequent cardiac events nor 
was there a difference in mortality between the 2 groups. 


Continued on page A25 
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Image quality that passes 


Whether it’s 2-D, Doppler or color flow imag- 
ing, Hewlett-Packard’s SONOS phased array 
imaging systems deliver superior resolution 
which results in the absolute clarity, sharpness 
and precision you need to have total confi- 
dence in your diagnosis. 


Hewlett-Packard is the leader in cardiac imag- 
ing because our systems continue to redefine 
image quality with innovations that offer car- 
diologists the most advanced capabilities. 
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to image patients. 























For example, Hewlett-Packard's frequency 
agility capability optimizes color and Doppler 
without compromising 2-D image quality and 
without the need for switching to a lower 
frequency transducer to get the sensitivity 
you need. 


The systems offer you additional capabilities 
like peripheral vascular and transesophageal 
imaging for more diagnostic information. 
And our commitment to upgradability keeps 
you at the forefront of ultrasound imaging 
technology. 


Finally, HP ACCOMPLISH Customer Support 
ensures the best return on your investment 
and enhances the inherent reliability of your 
system. It does this through customized train- 
ing and flexible programs which are designed 
to meet your needs. 


To learn more, please call us at 1-800-637-3747. 
(In MA, call 1-508-687-1501, ext. 2475.) Or 
contact your local Hewlett-Packard office. 
We'll be very happy to make things perfectly 
clear for you. 
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Acoustic zoom image of long axis with a 3.5 MHz wide aperture 
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Frequency agility (left) demonstrates increased color flow 
sensitivity with a 3.5 MHz wide aperture transducer. 


3. SMHZ-L 100MM^S XMIT:B 
HEWLETT-PACKARD 20CM 
PROC 3707E7H7A 
HR: 122 
G 01663 


U 
EVERY HG BEATS 





Steerable continuous-wave Doppler spectrum of mitral 
stenosis with a 3.5 MHz wide aperture transducer. 
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Precision color flow image of aortic insufficiency with a 
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ransesophageal color flow image of the mitral valve and left 


Diastolic and systolic color flow image of pulmonary insuffi- 
entricular outflow tract with a 5.0 MHz TEE transducer. 
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t ARRHYTHMIAS AND CONDUCTION DISTURBANCES 
RM — onov ENN MIS TURBANUES 


722 a aei Pt T ae E E IE MM. ca I tes S iX E 
Influence of Ventricular Function and Presence or Absence of 
Coronary Artery Disease on Results of Electrophysiologic 
Testing for Asymptomatic Nonsustained Ventricular 
Tachycardia 

Stephen C. Hammill, Jane M. Trusty, Douglas L. Wood, Kent R. Bailey, 
Pierce J. Vatterott, Michael J. Osborn, David R. Holmes, Jr., and 
Bernard J. Gersh 
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One hundred ten patients with asymptomatic nonsustained ventricular 
tachycardia were evaluated prospectively to assess the value of electro- 
physiologic testing, which consisted of up to 3 extrastimuli from 2 right dA 
ventricular sites. A positive test was monomorphic ventricular tachycardia 
lasting 30 seconds or requiring cardioversion. An event during follow-up i: 
was sustained ventricular tachycardia or cardiac arrest. Ejection fraction dm 
and New York Heart Association class were found to be the only 2 ; 
independent predictors of events during follow-up. Patients with an ejec- 


tion fraction >40% had low inducibility (11%) and 2 events during follow- b. 
up (3.5%). Patients with coronary artery disease and an ejection fraction a 
<40% had 50% inducibility; 21% of patients with a negative study died E 
suddenly. Patients with dilated cardiomyopathy and an ejection fraction CM 
<40% had low inducibility (4%) and a high incidence of arrhythmic a 
events (33%). A 
729 E 
Relation of Prognosis in Sick Sinus Syndrome to Age, E 
Conduction Defects and Modes of Permanent Cardiac Pacing ES 


Massimo Santini, Georgia Alexidou, Gerardo Ansalone, 
Giuseppe Cacciatore, Roberto Cini, and Gioia Turitto 


To determine whether age, presence of conduction disorders and mode of 
pacing might be related to the occurrence of supraventricular tachyar- 
rhythmias, cerebral embolism and cardiac mortality, we evaluated 339 
patients permanently paced because of sick sinus syndrome. Pacing mode 
was AAI in 135 patients, DDD in 79 patients and VVI in 125 patients. 
Patients were divided into 4 groups according to age (< or >70 years) and 
presence or absence of conduction disorders. The incidence of atrial fibril- 
lation, regardless of age or conduction disorders, was higher in the VVI | 
compared to the AAI and DDD groups. Cardiac mortality was higher in Ba 





the VVI than in DDD and AAI groups. Stroke mortality was 8% in VVI, es 
2% in AAI (p <0.01) and 2.5% in DDD groups, respectively (difference E 
not significant). When analyzed in terms of both age and pacing mode the ^ M 
difference remained statistically significant only in the subgroup of pa- E 
tients >70 years old when the VVI (17%) and AAI (3%) pacing modes E 
were compared (p «0.001 ). Our data indicate that electric therapy of sick A: 
sinus syndrome should be executed, whenever possible, by means of physi- E 
ologic pacing. d 
zs 
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(ENALAPRIL MALEATE| MSD) 


VASOTEC is available in 2.5-mg, 5-mg, 10-mg, and 20-mg tablet strengths. 


Contraindications: VASOTEC* (Enalapril Maleate, MSD) is contraindicated in patients who are hypersensitive to 
this product and in patients with a history of angioedema related to previous treatment with an ACE inhibitor. 


bear ioedema. Angioedema of the face, extremities, lips, tongue, qus and/or larynx has been reported in 
patients treated with ACE inhibitors, including VÀSOTEC. In such cases, V. OTEC should be promptly discontinued 
and the patient carefully observed until the swelling disappears. In instances where swelling has been confined to the 
face and lips, the condition has generally resolved without treatment, aun antihistamines have been useful in 
relieving symptoms. Angio associated with laryngeal edema may be fatal. Where there is involvement of 


Ang edema 
a ; a likely to e ai obstruction, appropriate therapy, e.g., subcutaneous 
epinephrin p frah +4000 (0. ate 0.5 mL), should be nhi Md M t f (See ADVERSE 


m apo ensor: Excessive hypotension is rare in uncomplicated hypertensive patients treated with VASOTEC alone. 
. . Patie 


nts with heart failure given VASOTEC commonly have some reduction in blood pressure, especially with the first 
dose, but discontinuation of therapy for continuing symptomatic hypotension usua ly is not necessary when dosing 
instructions are followed: caution should be observed wher initia ing therapy. (See DOSAGE AND ADMINISTRA- 
TION.) Patients at risk for excessive hypotension, sometimes associated with oliguria and/or progressive azotemia 
and rarely with acute renal failure and/or death, include those with the following conditions or characteristics: heart 
failure, hyponatremia, high-dose diuretic therapy, recent intensive diuresis or increase in diuretic dose, renal dialysis, 
or severe volume and/or salt depletion of any etiology. It may be advisable to eliminate the diuretic (except in patients 
with heart nuu reduce the diuretic dose, or increase salt intake cautiously before initiating therapy with VASOTEC 
in patients at risk for excessive fncienein who are able to tolerate such adjustments. (See PRECAUTIONS, Drug 
Interactions and ADVERSE REACTIONS.) In patients at risk for excessive hypotension, therapy should be started under 
very close medical supervision and such patients should be followed closely for the first two weeks of treatment and 
whenever the dose of enalapril and/or diuretic is increased. Similar considerations may apply to patients with isch- 
emic heart disease or cardiovascular disease in whom an excessive fall in blood pressure could result in a myocardial 
infarction or cerebrovascular accident. If excessive hypotension occurs, the patient should be placed in the supine 
position and, if necessary, receive an intravenous infusion of normal saline. A transient hypotensive segona is not a 
contraindication to further doses of VASOTEC, which usually can be given without difficulty once the blood pressure 
has stabilized. If symptomatic hypotension develops, a dose reduction or discontinuation of VASOTEC or concomitant 
diuretic may be necessary. 


Neutropenia/Agranulocytosis: Another ACE inhibitor, captopril, has been shown to cause agranulocytosis and bone 
marrow depression, rarely in uncomplicated patients but more fre wem] in patients with renal impairment, especially 
if they also have a collagen vascular disease. Available data from clinical trials of enalapri! are insufficient to show that 
enalapril does not cause agranulocytosis at similar rates. Foreign marketing experience has revealed several cases of 
neutropenia or agranulocytosis in which a causal relationship to enalapril cannot be excluded. Periodic monitoring of 
white blood cell counts in patients with collagen vascular disease and renal disease should be considered. 


Precautions: General: aag Renal Function: As a consequence of inhibiting the renin-angiotensin-aldosterone 
stem, changes in renal function may be anticipated in susceptible individuals. In patients with severe heart failure 
whose renal function may depend on the activity of the renin-angiotensin-aldosterone system, treatment with ACE 
inhibitors, including VASOTEC, may be associated with oliguria and/or progressive azotemia and rarely with acute 
renal failure and/or death. 
In clinical studies in hypertensive patients with unilateral or bilateral renal artery stenosis. increases in blood urea 
nitrogen and serum creatinine were observed in 20% of patients. These increases were almost always reversible upon 
discontinuation of enalapril and/or diuretic therapy. In such patients. renal function should be monitored during the 


.. first few weeks of therapy. 


Some patients with hypertension or heart failure with no apparent preexisting renal vascular disease have developed 
increases in blood urea and serum creatinine, usually minor and transient, especially when VASOTEC has been given 
i Li with a diuretic. This is more likely to occur in patients with preexisting renal impairment. Dosage 
reduction and/or discontinuation of the diuretic and/or VASOTEC may be required. 

Evaluation of patients with hypertension or heart failure should always include assessment of renal 
function. (See DOSAGE AND ADMINISTRATION.) 

Hyperkalemia: Elevated serum potassium (75.7 mEq/L) was observed in approximately 1% of hypertensive patients 
in Clinicai trials. In most cases these were isolated values which resolved despite continued therapy. Hyperkalemia 
was a cause of discontinuation of therapy in 0.28% of hypertensive patients. In clinical trials in heart failure, hyper- 


__ kalemia was observed in 3.8% of patients, but was not a cause for discontinuation 


Risk factors for the development of hyperkalemia include renal insufficiency, diabetes mellitus, and the concomitant 
use of potassium-sp ring diuretics, potassium supplements, and/or potassium-containing salt substitutes, which 
should be used cautiously, if at all. with VASOTEC. (See Drug Interactions.) 


al atl piis In patients undergoing major surgery or during anesthesia with agents that produce hypotension, 
enalapril may block angiotensin Il formation secondary to compensatory renin release. If hypotension occurs and is 
considered to be due to this mechanism. it can be corrected by volume expansion. 


Information for Patients: 


Ioedema: Angioedema, ape laryngeal edema, may occur especially following the first dose of enalapril 
Patients should be so advised and told to report drin any signs or Boel Suggesting angioedema (swell- 
ing of face, extremities, eyes, lips, tongue, difficulty in swallowing or breathing) and to take no more drug until they 
have consulted with the prescribing physician. 
ension: Patients should be cautioned to report lightheadedness, especially during the first few oe of therapy. If 

actual syncope occurs, the patients should be told to discontinue the drug until they have consulted with the prescrib- 
ing physician. 
All patients should be cautioned that excessive perspiration and dehydration may lead to an excessive fall in blood 
pressure because of reduction in fluid volume. Other causes of volume depletion such as vomiting or diarrhea may 
also lead to a fall in blood pressure: patients should be advised to consult with the physician. 

rkalemia: Patients should be told not to use salt substitutes containing potassium without consulting their 
ysician. 


ia: Patients should be told to report promptly any indication of infection (e g., sore throat, fever) which may 


be a sign of neutropenia. 


NOTE: As with many other drugs. certain advice to patients being treated with enalapril is warranted. This information 
oer aa in the safe and effective use of this medication. It is not a disclosure of all possible adverse or 
ntended effects. 


Drug Interactions: 


Hypotension: Patients on Diuretic Therapy: Patients on diuretics and especially those in whom diuretic therapy was 
recently instituted may occasionally experience an excessive reduction of blood pressure after initiation of dap 
with enalapril. The possibility of hypotensive effects with enalapril can be minimized by either discontinuing the 
diuretic or increasing the salt intake prior to initiation of treatment with enalapril. If it is necessary to continue the 
diuretic, provide close medical supervision after the initial dose for at least two hours and until blood pressure has 
stabilized for at least an additional hour. (See WARNINGS and DOSAGE AND ADMINISTRATION.) 


Agents Causing Renin Release: The antihypertensive effect of VASOTEC is augmented by antihypertensive agents that 
cause renin release (e.g., diuretics). 


Other Cardiovascular Agents: VASOTEC has been used concomitantly with beta-adrenergic-blocking agents, methyl- 
dopa, nitrates, calcium-blocking agents, hydralazine. prazosin, and digoxin without evidence of clinically significant 
adverse interactions. 


Agents Increasing Serum Potassium: VASOTEC attenuates potassium loss caused by thiazide-type diuretics. 
Potassium-sparing diuretics PA spironolactone, triamterene, or amiloride), potassium supplements, or 
ge arang salt substitutes may lead to significant increases in serum potassium. Therefore, if concomi- 
Tant use of these agents is indicated because of demonstrated hypokalemia, they should be used with caution and 
wit frequent monitoring of serum poem Potassium-sparing agents should generally not be used in patients 
with heart failure receiving VASOTEC. 


Lithium: Lithium toxicity has been reported in patients OR ithim concomitantly with drugs which cause elim- 
ination of sodium, including ACE inhibitors. A few cases of lithium toxicity have been reported in patients ipt 
concomitant VASOTEC and lithium and were reversible upon discontinuation of both drugs. It is recommended tha 
serum lithium levels be monitored frequently if enalapril is administered concomitantly with lithium. 


P, — Category C: There was no fetotoxicity or teratogenicity in rats treated with up to 200 mg/kg/day of enalapril 
(333 limes t > maximum human dose). Fetotoxcity expressed as a decrease in average fedi we n. occurred 
n rats gi | 1200 mg/kg/day of enalapril but did not occur when these animals were supplemented with saline. 
=Nalapril was not te genic in rabbits. However, maternal and fetal toxicity occurred in some rabbits at doses of 
1 mg/kg/day or more. Saline supplementation prevented the maternal and fetal toxicity seen at doses of 3 and 10 mg/ 
kg/day, but not at 30 mg/kg/day (50 times the maximum human dose). 


Radioactivity was found to cross the placenta following administration of labeled enalapril to pregnant hamsters. 
There are no adequate and well-controlled studies of enalapril in pregnant women. However, data are available that 
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show enalapril crosses the human placenta. Because the risk of fetal toxicity with the use of ACE inhibitors has not 
been clearly defined, VASOTEC® (Enalapril Maleate, MSD) should be used during pregnancy only if the potential ben- 
efit justifies the potential risk to the fetus. 


Postmarketing experience with all ACE inhibitors thus far suggests the following with regard to pregnancy outcome. 
inadvertent exposure limited to the first trimester of pregnancy has not been reported to affect fetal outcome adversely. 
des Sapasi DNO the second and third trimesters of pregnancy has been associated with fetal and neonatal mor- 
bidity and mortality. 


When ACE inhibitors are used during the later stages of pregnancy, there have been reports of hypotension and 
decreased renal perfusion in the newborn. Oligohydramnios in the mother has also been reported, wiesen repre- 
senting decreased renal function in the fetus. Infants exposed in utero to ACE inhibitors should be closely observed 
for hypotension, oliguria, and hyperkalemia. If oliguria occurs, attention should be directed toward support of blood 
pressure and renal perfusion with the administration of fluids and pressors as appropriate. Problems associated with 
prematurity such as paren: ductus arteriosus have occurred in association with maternal use of ACE inhibitors, but it 
is not clear whether they are related to ACE inhibition. maternal hypertension, or the underlying prematurity. 


Nursing Mothers: Milk in ed. rats contains radioactivity following administration of '*C enalapril maleate. It is not 
known whether this drug is secreted in human milk. Because many drugs are secreted in human milk, caution should 
be exercised when VASOTEC is given to a nursing mother 


Pediatric Use: Safety and effectiveness in children have not been established. 


Adverse Reactions: VASOTEC has been evaluated for safety in more than 10.000 patients. inci over 1000 
atients treated for one year or more. VASOTEC has been found to be generally well tolerated in controlled clinical 
rials involving 2987 patients. 


HYPERTENSION: The most frequent clinical adverse experiences in controlled trials were: headache (5.2%), dizziness 
(4.396), and fatigue (3%). 


Other adverse experiences occurring in greater than 1% of patients treated with VASOTEC in controlled clinical trials 
were: diarrhea (1.4%). nausea (1.4%). rash (1.4%), cough (1.3%), orthostatic effects (1.2%), and asthenia (1.1%). 


HEART FAILURE: The most frequent clinical adverse experiences in both controlled and uncontrolled trials were: dizzi- 
ss eats am n (6.7%), orthostatic effects (2.2%), syncope (2.2%), cough (2.2%). chest pain (2.1%), and 
iarrhea (2.1%). 


Other adverse experiences occurring in og than 1% of patients treated with VASOTEC in both controlled and 
uncontrolled clinical trials were: fatigue (1.8%), headache (1.8%), abdominal pain (1.6%), asthenia (1.6%). orthosta- 
tic hypotension (1.6%), vertigo (1.6%). don pectoris (1.5%), nausea (1.3%), vomiting (1.3%), bronchitis (1.3%). 
dyspnea (1.3%), urinary tract infection (1.3%), rash (1.3%), and myocardial infarction (1.2%). 


Other serious clinical adverse experiences occurring since the drug was marketed or adverse experiences gà i 
in e to 1% of patients with hypertension or heart failure in clinical trials in order of decreasing severity within eac 
category: 

Cardiovascular: Cardiac arrest: macara infarction or cerebrovascular accident. possibly secondary to excessive 
hypotension in high-risk patients (see WARNINGS, Hypotension): cardiac arrest; pulmonary embolism and infarction. 
rhythm disturbances; atrial fibrillation; palpitation. 


ph saat lleus, pancreatitis, hepatitis or cholestatic jaundice, melena, anorexia, dyspepsia, constipation. glossitis, 
stomatitis. 


Musculoskeletal’ Muscle cramps. 

Nervous/Psychiatric: Depression, confusion. ataxia, somnolence, insomnia, nervousness, paresthesia. 

Urogenital: Renal failure, oliguria, renal dysfunction (see PRECAUTIONS and DOSAGE AND ADMINISTRATION). 
Respiratory: Bronchospasm, rhinorrhea. sore throat and hoarseness, asthma, upper respiratory infection. 

Skin: Herpes zoster, urticaria. pruritus, alopecia. flushing. hyperhidrosis. 

Special Senses: Blurred vision, taste alteration, tinnitus. 


A symptom complex has been reported which may include a positive ANA, an elevated erythrocyte sedimentation rate, 
arthralgias/arthritis, myalgias, fever, serositis, vasculitis, leukocytosis, eosinophilia, photosensitivity. rash. and other 
dermatologic manifestations. 


Angioedema: Angioedema has been reported in patients receiving VASOTEC (0.2%). Angioedema associated with 
laryngeal edema may be fatal. If angioedema of the face, extremities, lips. tongue. qu» and/or larynx occurs, treat- 
ment with VASOTEC should be discontinued and appropriate therapy instituted immediately. (See WARNINGS.) 


Hypotension: In the hypertensive patients, n otension occurred in 0.9% and syncope occurred in 0.5% of patients 
ei the initial dose or during extended therapy. Hypotension or syncope was a cause for discontinuation of ther- 
apy in 0.1% of hypertensive patients. In heart failure patients, hypotension occurred in 6.7°o and syncope occurred in 
2.2% of patients. 4 glad or syncope was a cause for discontinuation of therapy in 1.9% of patients with heart 
failure. (See WARNINGS. ) 


Clinical Laboratory Test Findings: 
Serum Electrolytes: Hyperkalemia (see PRECAUTIONS). hyponatremia. 


Creatinine, Blood Urea Nitrogen: \n controlled clinical trials. minor increases in blood urea nitrogen and serum cre- 
atinine. reversible upon discontinuation of therapy, were observed in about 0.2% of patients with essential hyperten- 
sion treated with VASOTEC alone. Increases are more likely to occur in patients receiving concomitant diuretics or in 
patients with renal artery stenosis. (See PRECAUTIONS.) In patients with heart failure who were also receiving 
diuretics with or without digitalis, increases in blood urea nitrogen or serum creatinine, usually reversible upon dis- 
continuation of VASOTEC and/or other concomitant diuretic therapy. were observed in about 11% of patients. 
Increases in blood urea nitrogen or creatinine were a cause for discontinuation in 1.2% of patients. 


Hemoglobin and Hematocrit: Small decreases in hemoglobin and hematocrit (mean decreases of approximatel 
0.3 i and 1.0 vol %, respectively) occur frequently in either hypertension or heart failure patients treated wit 
VASOTEC but are rarely of clinical importance unless another cause of anemia coexists. In clinical trials. less than 
01% of patients discontinued therapy due to anemia. 


Other (Causal Relationship Unknown). \n marketing experience. rare cases of neutropenia. thrombocytopenia, and 
pid marrow depression have been reported. A few cases of hemolysis have been reported in patients with G6PD 
eficiency. 


Liver Function Tests: Elevations of liver enzymes and/or serum bilirubin have occurred. 


Dosage and Administration: Hypertension. In patients who are currently being treated with a diuretic, symptomatic 
hypotension occasionally may occur following the initial dose of VASOTEC. The diuretic should. if possible. be dis- 
continued for two to three cays before beginning therapy with VASOTEC to reduce the likelihood of hypotension. (See 
WARNINGS.) If the patient's blood pressure is not controlled with VASOTEC alone. diuretic therapy may be resumed. 


If the diuretic cannot be discontinued, an initial dose of 2.5 mg should be used under medical supervision for at least 
two hours and until blood pressure has stabilized for at least an additional hour. (See WARNINGS and PRECAU- 
TIONS. Drug interactions.) 


The recommended initial dose in patients not on diuretics is 5 mg once a day. Dosage should be adjusted according 
to blood pressure response. The usual dosage range is 10 to 40 mg per day administered in a single dose or in two 
divided doses. In some patients treated once daily. the antihypertensive effect may diminish toward the end of the 
dosing interval. In such patients, an increase in dosage or twice-daily administration should be considered. If blood 
pressure is not controlled with VASOTEC alone, a diuretic may be added. 


Concomitant administration of VASOTEC with potassium supplements, potassium salt substitutes. or potassium- 
sparing diuretics may lead to increases of serum potassium (see PRECAUTIONS). 


Dosage Adjustment in Hypertensive Patients with Renal Impairment: The usual dose of enalapril is recommended for 
patients with a creatinine clearance > 30 mL/min (serum creatinine of up to approximately 3 mod. For patients 
with creatinine clearance = 30 mL/min (serum creatinine = 3 mg/dL), the first dose is 2.5 mg once daily. The dosage 
may be titrated upward until blood pressure is controlled or to a maximum of 40 mg daily. 


Heart Failure: VASOTEC is indicated as adjunctive therapy with diuretics and digitalis. The recommended startin 
dose is 2.5 mg once or twice daily. After the initial dose of VASOTEC, the patient should be observed under medica 
supe ee for at least two hours and until blood pressure has stabilized for at least an additional hour. (See WARN- 
INGS and PRECAUTIONS, Drug interactions.) If possible, the dose of the diuretic should be reduced, which may 
diminish the likelihood of hypo ension. The a of hypotension after the initial dose of VASOTEC does not 
preclude subsequent careful dose titration with the drug, foflowing effective management of the hypotension. The 
usual therapeutic dosing range for the treatment of heart failure is 5 to 20 mg daily given in two divided doses. The 
maximum daily dose is 40 mg. Once-daily dosing has been effective in a controlled study, but nearly all patients in 
this study were given 40 mg the maximum recommended daily dose, and there has been much more experience with 
twice-daily dosing. In addition, in a placebo-controlled study which demonstrated reduced mortality in patients with 
severe heart failure i Class IV), patients were treated with 2.5 to 40 mg per day of VASOTEC, almost always 
administered in two divided doses. ( e CLINICAL PHARMACOLOGY, Pharmaco ics and Clinical Effects.) Dosage 
may be adjusted depending upon clinical or hemodynamic response. (See WARNINGS.) 


e Adjustment in Patients with Heart Failure and Renal Impairment or Hyponatremia: In patients with heart failure 
who have hyponatremia (serum sodium < 130 mEq/L) or with serum creatinine 71.6 mg/dL, therapy should be initi- 
ated al 2.5 m gaily under close medical supervision. (See DOSAGE AND ADMINISTRATION, Heart 
Failure, WARNINGS, and PRECAUTIONS, Drug interactions.) The dose may be increased to 2.5 mg 
b.i.d., then 5 mg b.i.d. and higher as needed, usually at intervals of four — more, if at the time 
of dosage adjustment there is not excessive hypotension or significant deterioration of renal func- 
tion. The maximum daily dose is 40 mg. 


For more detailed information, consult your MSD Representative or see Prescribing Information, Merck 
0., INC., West Point, PA 19486. J9VS54R2(8 18) 
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Mechanism of Postextrasystolic Potentiation in the Right 
Ventricle 

Louis J. Dell'Italia 


The mechanism of postextrasystolic potentiation (PESP) was studied in 
the right ventricle in patients with normal coronary anatomy using simul- 


taneous high-fidelity pressures and cast-validated biplane cineangio- p 
graphic volumes. In the right ventricle PESP may result from a preload- ks 
dependent mechanism rather than enhanced contractility because end- "m 


diastolic volume and stroke volume increase significantly as end-systolic : 
volume and +dP /dtmax remain unchanged in the potentiated beat. y 


SYSTEMIC HYPERTENSION 


TENE EE EA E Ea a MD Se ee I bee Se T aa EA e a L 
Risk of Ventricular Arrhythmias in Hypertensive Men with Left 
Ventricular Hypertrophy 

David Siegel, Melvin D. Cheitlin, Dennis M. Black, Dana Seeley, 

Norman Hearst, and Stephen B. Hulley 


T AR A. ra 
| ya LU m Cal £ 


Hypertensive men were withdrawn from diuretic therapy and repleted 
with 40 mEq/day of oral potassium and 20 mEq/day of oral magnesium d 
for 1 month. M-mode echocardiography and 24-hour continuous ambula- d 
tory electrocardiographic tracings were performed on 123 men, mean age | 
62 years. Forty-eight men (39%) had echocardiographic evidence of left 
ventricular (LV) hypertrophy defined as LV mass index 2134 g/m?. Men 
with echocardiographic LV hypertrophy with or without diuretic therapy 
were more likely to have frequent ventricular premature complexes (= 30 
ventricular premature complexes /hour), multiform extrasystoles and epi- E 
sodes of ventricular tachycardia or the combination of a frequent or 
complex (ventricular couplets, multiform extrasystoles, episodes of ven- 
tricular tachycardia) ventricular arrhythmia compared to LV hypertro- 
phy negative men. Men aged 60 to 70 compared to men aged 35 to 59 were 
also more likely to have a frequent or complex or the combination of a 
frequent or complex ventricular arrhythmia. These data suggest that 
ventricular arrhythmias occur more commonly in older hypertensive men 
as well as in hypertensive men with echocardiographic LV hypertrophy. 


CONGESTIVE HEART FAILURE 


TEE aureis wi da Pars un RM LE e 
Usefulness of Dopexamine Hydrochloride Versus Dobutamine 
in Chronic Congestive Heart Failure and Effects on 
Hemodynamics and Urine Output 

Gert Baumann, Stephan B. Felix, and Sarah A.L. Filcek 


The short- and long-term (48-hr) hemodynamics of dopexamine and 
dobutamine were compared in 33 patients with severe, stable chronic heart 
failure (New York Heart Association class III to IV). Both drugs in- 
creased cardiac index due to increased stroke volume index and heart rate, 
and systemic vasodilatation. Dopexamine was the more potent vasodila- 
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tor. The effects of dopexamine were well maintained over 48 hours despite 
loss of the initial increase in heart rate. The effects of dobutamine re- 
mained above control at most timepoints but attenuated toward control 
values. Dopexamine appeared to promote increased urine output and 
creatinine clearance. Both drugs produced beneficial effects, and were 
well tolerated. However, dopexamine elicited larger peak hemodynamic 
effects, favorable renal responses and demonstrated no long-term attenua- 
tion of effect. 
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Defective Myocardial Carnitine Metabolism in Congestive 
Heart Failure Secondary to Dilated Cardiomyopathy and to 
Coronary, Hypertensive and Valvular Heart Diseases 

Vera Regitz, Austin Leo Shug, and Eckart Fleck 


To evaluate a possible loss of myocardial carnitine in adult heart failure 
patients, we determined, for the first time, myocardial carnitine levels in 
endomyocardial biopsies from patients with dilated cardiomyopathy (28), 
with heart failure of different origin (8) and normal control subjects (13). 
In comparison with control subjects, total myocardial carnitine was signif- 
icantly reduced in patients with cardiomyopathy (control subjects: 9.9 + 
0.8 nmol/mg noncollagen protein, cardiomyopathy: 6.1 + 0.5, p 
«0.0001 ) and heart failure of different origin (6.6 + 1.1 nmol/mg noncol- 
lagen protein, p <0.02). Free myocardial carnitine in cardiomyopathy 
(4.6 + 0.5 nmol/mg noncollagen protein) and other heart failure patients 
(4.4 + 0.5 nmol/mg noncollagen protein) was also lower than in control 
subjects (9.7 + 0.7 nmol/mg noncollagen protein, p <0.005 for both 
groups). In contrast, plasma carnitine in the heart failure patients was 
elevated (heart failure: 67 + 5.5 umol/liter, control subjects: 41 + 3.7 
umol/liter, p <0.05). Alterations in myocardial carnitine metabolism 
occur frequently in heart failure and represent nonspecific biochemical 
markers with yet unknown functional consequences. 


VALVULAR HEART DISEASE 


VERUM A I UU Ma cr aA me Seles See NUR Slee ic MA EA 
Balloon Dilatation of the Stenosed Aortic Valve: How Does It 
Work? Why Does It Fail? 

Francis Robicsek, Norris B. Harbold, Jr., Lawrence N. Scotten, and 
David K. Walker 


The hemodynamic changes that may occur in patients undergoing aortic 
balloon valvuloplasty were examined in the circulatory model. Four con- 
clusions were reached. (1) Significant transvalvular pressure gradients 
appear only if the orifice is severely narrowed. (2) The magnitude of this 
gradient is highly flow dependent. (3) At critical narrowings, minute 
alterations in orifice size may induce most significant changes in the 
transvalvular gradient. (4) In low flow states significant gradients appear 
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Iwice-a-day dosing* to make life easier for your arrhythmia patients. That’s the 


Juinidex® advantage. Because, like the heart, Quinidex Extentabs® have been 
uniquely constructed for dependable around-the-clock performance. 





“Some patients may require t.i.d. dosing. 
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(Quinidine Sulfate Extended- 
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Please see adjacent page for brief summary. 
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EXTENTABS" 


(Quinidine Sulfate Extended- 
release Tablets, USP) 300 mg 


The following is a brief summary only. Belore prescribing, see complete prescribing 
information in Quinidex product labeling. 

Contraindications: Intraventricular conduction defects. Complete A-V block. A-V 
conduction disorders caused by digitalis intoxication. Aberrant impulses and abnormal 
rhythms due to escape mechanisms. Idiosyncrasy or hypersensitivity to quinidine or 
related cinchona derivatives. Myasthenia gravis. 

Warnings: In the treatment of atrial flutter, reversion to sinus rhythm may be preceded 
by a progressive reduction in the degree of A-V block to a 1:1 ratio, resulting in an 
extremely rapid ventricular rale. This possible hazard may be reduced by digitalization 
prior to administration of quinidine. 

Reports in the lilerature indicate that serum concentrations of digoxin may increase 
and may even double when quinidine is administered concurrently. Patients on 
concomitant therapy should be carefully monitored for digitalis toxicity. Reduction of 
digoxin dosage may have to be considered. 

Manifestations of quinidine cardiotoxicity such as excessive prolongation of the QT 
interval, widening of the QRS complex and ventricular tachyarrhythmias mandate 
immediate discontinuation of the drug and/or close clinical and electrocardiographic 
monitoring, 

In susceptible individuals, such as those with marginally compensated cardiovascular 
disease, quinidine may produce clinically important depression of cardiac function 
manifested by hypotension, bradycardia, or heartblock. Quinidine therapy should be 
carefully monitored in such individuals. 

Quinidine should be used with extreme caution in patients with incomplete AV block 
since complete AV block and asystole may be produced. Quinidine may cause 
abnormalities of cardiac rhythm in digitalized patients and therefore should be used with 
caution in the presence of digitalis intoxication. 

Quinidine should be used with caution in patients exhibiling renal, cardiac or hepatic 
insufficiency because of potential accumulation of quinidine in serum, leading to toxicity. 
Patients taking quinidine occasionally have syncopal episodes which usually result 

from ventricular tachycardia or fibrillation. This syndrome has not been shown to be 
related to dose or serum levels. Syncopal episodes frequently terminate spontaneously or 
in response to treatment, but sometimes are fatal. 

Cases of hepatotoxicity, including granulomatous hepatitis, due to quinidine 
hypersensitivity have been reported. Unexplained fever and/or elevation of hepatic 
enzymes, particularly in the early stages of therapy, warrant consideration of possible 
hepatotoxicity. Monitoring liver function during the first 4-8 weeks should be considered. 
Cessation of quinidine in these cases usually results in the disappearance of toxicity. 

Precautions: Genera/—All the precautions applying to regular quinidine therapy 
apply to this product. Hypersensitivity or anaphylacloid reactions to quinidine, although 
rare, should be considered, especially during the first weeks of therapy. Hospitalization 
for close clinical observation, electrocardiographic monitoring, and determination of 
serum quinidine levels are indicated when large doses of quinidine are used or with 
patients who present an increased risk. 

Information tor Patients—As with all solid dosage medications, Quinidex 
Extentabs should be taken with an adequate amount of fluid, preferably with the patient in 
an upright position to facilitate swallowing. They should be swallowed whole in order to 
preserve the controlled-release mechanism. 

Laboratory Tests—Periodic blood counts and liver and kidney function tests should 
be performed during long-term therapy. the drug should be discontinued if blood 
dyscrasias or evidence of hepatic or renal dysfunction occurs 

Drug Interactions 

Drug Effect 
Quinidine with anticholinergic drugs Additive vagolytic effect 
Quinidine with cholinergic drugs Antagonism of cholinergic effects 
Quinidine with carbonic anhy- Alkalinization of urine 
drase inhibitors, sodium resulting in decreased 
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bicarbonate, thiazide diuretics excretion of quinidine 
Quinidine with coumarin Reduction of clotting 
anticoagulants factor concentrations 
Quinidine with tubocurare, Potentiation of neuro- 
succinylcholine and muscular blockade 
decamelhonium 
Quinidine with phenothiazines Addilive cardiac 
and reserpine depressive effects 
Quinidine with hepatic enzyme- Decreased plasma 


inducing drugs (phenobarbital, 
phenytoin, rifampin) 


half-life of quinidine 


Quinidine with digoxin Increased serum concentration ol 
digoxin (See Warnings) 
Quinidine with amiodarone Increased serum concentration of quinidine 
Quinidine with cimetidine Prolonged quinidine half-life and an 
increase in serum quinidine level 
Quinidine with ranitidine Premature ventricular contractions 
and/or bigeminy 
Quinidine with verapamil Increased quinidine halt-lite and an increase in 
serum quinidine level; potential 
hypotensive reactions 
Quinidine with nifedipine Decreased serum concentrations of quinidine 


Carcinogenesis: Studies in animals have not been performed to evaluate the carcino- 
genic potential of quinidine 

Pregnancy, Teratogenic Effects: Pregnancy Category C. Animal reproduction 
studies have not been conducted with quinidine. There are no adequate and well- 
controlled studies in pregnant women. Quinidex Extentabs should be administered to a 
pregnant woman only il clearly indicated. 

Nonteratogenic Effects: Like quinine, quinidine has been reported to have oxylocic 
properties. The significance of this property in the clinical setting has not been 
established. 

Labor and Delivery — There is no known use for Quinidex Extentabs in labor and 
delivery. However, quinidine has been reported to have oxytocic properties. The 
significance of this property in the clinical selling has not been established. 

Nursing Mothers— Because of passage of the drug into breast milk, caution should 
be exercised when Quinidex Extentabs are administered to a nursing woman, 

Pediatric Use— There are no adequate and well-controlled studies establishing the 
safety and effectiveness of Quinidex Extentabs in children. 

Adverse Reactions: Symptoms of cinchonism, such as ringing in the ears, loss of 
hearing, dizziness, lightheadedness, headache, nausea, and/or disturbed vision may 
appear in sensitive patients after a single dose of the drug. The most frequently 
encountered side effects to quinidine are gastrointestinal. 

Gastrointestinal—Nausea, vomiting, abdominal pain, diarrhea, anorexia, 
granulomatous hepatitis (which may be preceded by fever), esophagitis. 

Cardiovascular — ventricular extrasystoles occurring al a rale of one or more every 6 
normal beats; widening of the QRS complex and prolonged QT interval; complete A-V 
. block; ventricular tachycardia and fibrillation; ventricular flutter; torsade de pointes; 
arterial embolism; hypotension, syncope. 

Central Nervous System—Headache, vertigo, apprehension, excitement, 
contusion, delirium, dementia, ataxia, depression. 

Ophthalmologic and Otologic— Disturbed hearing (tinnitus, decreased auditory 
acuity), disturbed vision (mydriasis, blurred vision. disturbed color perception, 
photophobia, diplopia, night blindness, scotomata), optic neuritis, reduced visual field. 

Dermatologic—Cutaneous flushing with intense pruritus, photosensitivity, urticaria, 
rash, eczema, extoliative eruptions, psoriasis, abnormalities of pigmentation. 

Hypersensitivity — Angioedema, acute asthmatic episode, vascular collapse, respira- 
tory arrest, hepatotoxicity, granulomatous hepatitis (See Warnings), purpura, vasculitis. 

Hematologic— Thrombocytopenia, thrombocytopenic purpura, agranulocytosis, 
acute hemolytic anemia, hypoprothrombinemia, leukocytosis, shift to left in WBC 
differential, neutropenia. 

Immunologic— Systemic lupus erythematosus, lupus nephritis. 

Miscellaneous — ever, increase in serum skeletal muscle creatine phosphokinase, 


arthralgia, myalgia. 
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Thiazide Diuretics 


In study after study, they have 
been associated with increases 
in cholesterol. 


And now, the Lipid Research 
Clinics Trial has established 

a clear link between elevated 
lipids and risk of coronary heart 
disease.’ Thiazide diuretics are 
also known to cause potassium 
depletion, which, untreated, 
can lead to cardiac arrhythmias. 














LOZOL' (indapamide) 
alone 


In long-term clinical trials, 
Lozol has demonstrated little or 
no effect on serum cholesterol 


levels.?^* 


Lozol also has minimal impact on 
potassium, with 95% of patients 
showing no clinical hypokalemia 
in a long-term trial."' 


*Lozol is not a cholesterol-lowering agent, nor has it been 
shown to reduce existing atherosclerotic plaque. 


tBecause of the diuretic effects of Lozol, changes 
in certain electrolytes can occur. Determination of serum 
electrolytes should therefore be performed. 
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LOZOL + ACE inhibitor 
or calcium antagonist 


Like ACE inhibitors and 

calcium antagonists, Lozol lowers 
blood pressure without compro- 
mising cholesterol or potassium. 


That makes Lozol the diuretic to 
choose for kindhearted add-on j 
antihypertensive therapy. | 


ONE A DAY 





I\NIDAFAMILEE 25mg 


The diuretic that doesn't | 
compromise cholesterol 4 


Please see brief summary of prescribing information on the following page 
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Pe indapamide 2.5 mg tablets 


DESCRIPTION: Lozol® (indapamide) is an oral pep oy nt te 
nee Lozol is indicated for the treatment of hypertession, 
alone or with other antihypertensive 


Lozol is also oe the treatment of salt and fluid retention associatedwith 


congestive heart . 
Usage in P. ' (see PRECAUTIONS). 
7! Known hypersensitivity to indapamide or tœother 
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clones withholding or E une diuretic ver Should be idered. Renal 
function tests should ormed periodically during ‘treatment with indapamide 
4. Impaired Hepatic deeem indapamide, axe the thiazies, should be used with cau- 
tion in patients with impaired iC function or progressive liver disease, since minor 
alterations of fluid and electrolyte balance may precipitate hepatic coma 
5. Glucose Tolerance: Latent diabetes oe aas and insulin requirements 
in diabetic patients uL be altered during administra Concentrations 
: — ree os : monitored routinely during treatment aon Lozol 
cium Excretion: Calcium excretion is decreased by diuretics parmacologica 
related to indapamide. In long-term studies of AvA ve patients; however Serum y 
wh Ss of Cy increases o only slightly with maya ide. Prolonged 7] 
associat 
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indapamide may decrease serum PBI levels without Signs of thyroid EL 
7. Interaction With Systemic Lupus Erythematosus. Thiazides have exacerbated or acti- 
vated penal i erythematosus and this possibility should be considered with 
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2. Lithium: See WARNINGS. 
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ADVERSE R REACTIONS: Most adverse effects have been mild and transient. In 

term controlled clinical studies, cumulative adverse reactions = 5% are: headache. 
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ziness, fatigue, weakness, joss of one tiredness. or malaise, muscle cramps 
Of spasm, or numbness of the extremities, nervousness, tension, anxiety, irritability, or 
agitation Goalie adverse reactions < 5% are: lightheadedness, drowsiness. vertigo, 
insomnia, ession, blurred vision, constipation, nausea, vomiting, diarrhea, gastric 
irritation, a inal pain or Cramps, anorexia, orthostatic hypotension, premature ven- 
tricular contractions, irregular heart beat, palpitations: fr of urination, nocturia, 
ria, A. hives, pow. n eu RN = thinorrhea, 
shing. hyper picem a, hypergiycem ia, hypochloremia, increase in serum 
al ogen (BUN) or Creatinine, lycos. weight loss. dry mouth tingling of 
extremities 
Clinical hypokalemia (i.e., lowered serum potassium concentration with — clin- 
ical s ams iUnd symptoms) occurred in 3% and 7% of me tients given indapamide 2.5 
mg, respectively. In a long-term study of both doses [157 patents m 
potassium supplementation was n to 1296 of patients on indapamide 
omy and? % of patients on indapamide 
Other adverse reactions reported with anipererave/ourtics ae are jaundice 
(intrahepatic cholestatic jaundice), sialadenitis, xanthopsia, osens' pet e purpura, 
reactions, ase ag fever, eona | —— (Including eum = lactic 
reactions; also osis, leukopenia, thrombocytopenia, and aplas: pe anemia 
These reactions thud be be considered as possible occurrences with clinical usage of 


HOW SUPPLIED: Lozol (i An Whi me nd film-coated tablets of 2 5 mg in 

bottles of 100 (NDC 0075 09. 1.090 0075-0082- 2. and in unit-dose 
Ster packs, boxes of 100 (10 x 10 strips) ( noe 0075-0082-6 

DAUTAN Federal (U.S.A.) law prohibits dispensing without ndi 


Keep tightly closed. Store at room temperature; avoid excessive heal. Dispense in tight 
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only if the stenosis is extreme. In patients with aortic stenosis, especially 
those with failing hearts and low cardiac output, the pressure gradient 
may be effectively decreased by minimal dilatation of the aortic orifice. 
These patients, however, remain in jeopardy because recurrent narrowing 
may cause a gradient incompatible with life. 
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Comparison of Proximal Left Anterior Descending and 
Circumflex Coronary Artery Dimensions in Aortic Valve 
Stenosis and Hypertrophic Cardiomyopathy 

Brian P. Kimball, Victor LiPreti, Sanh Bui, and E. Douglas Wigle 


We evaluated the relation between proximal coronary artery dimensions, 
as determined by quantitative arteriography, and regional ventricular 
mass in aortic valve stenosis (AS) and hypertrophic cardiomyopathy 
(HC). In comparison to a normal control group, subjects with AS and HC 
demonstrated markedly increased coronary dimensions. When related to 
regional ventricular mass, as assessed using biplane 2-dimensional echo- 
cardiography, both septal width /left anterior descending coronary diame- 
ter ratios and indexed anteroseptal mass/left anterior descending coro- 
nary diameter ratios suggested "inadequate" enlargement in coronary 
artery dimensions in HC. We suggest that relatively underdeveloped coro- 
nary conductance vessels may contribute to anteroseptal myocardial isch- 
emia and result in angina pectoris, increased ventricular ectopic activity 
and possibly sudden death in HC. 


CONGENITAL HEART DISEASE 


772 

Results of the Valvuloplasty and Angioplasty 
of Congenital Anomalies Registry 

Hugh D. Allen and Charles E. Mullins 


rg i SMEGAEWEE, o. LOTION A ee ee 
Balloon Pulmonary Valvuloplasty: Results of the Valvuloplasty 
and Angioplasty of Congenital Anomalies Registry 

Paul Stanger, Steven C. Cassidy, Donald A. Girod, Jean S. Kan, 

Zuhdi Lababidi, and Stephen R. Shapiro 


The results of 822 balloon pulmonary valvuloplasties were reported to the 
Valvuloplasty and Angioplasty of Congenital Anomalies Registry. Total 
right ventricular outflow gradient decreased from 71 + 33 to 28 + 21 mm 
Hg. In 196 patients the site of residual obstruction was ascertained. In 
these patients the gradients decreased from 85 + 41 to 33 + 27 mm Hg. 
Of this residual gradient, slightly less than half was valvar, with the 
remainder being subvalvar. Reduction of gradient was considerably less in 


Continued on page A41 
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New evidence continues to 
confirm the essential value of 
LANOXIN in CHF. 
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improved ejection fraction 


In a recent double-blind, placebo-controlled study! 
in patients with normal sinus rhythm, digoxin pro- 
duced a significant increase in ejection fraction 
compared to captopril (P<.05) and placebo 
(P<.01). By contrast, there was no significant 
difference between captopril and placebo. 


[Improvement in ejection fraction represents 
improvement in myocardial contractile perfor- 
mance and better emptying of the left ventricle. 


Percent Improvement in Ejection Fraction* 


[| 


Captopril Placebo 


" Adapted from the Captopril-Digoxin Multicenter Research Group study.' 
` P«.05 compared to captopril; P«.01 compared to placebo. 


Improved cardiac output 


The positive inotropic effect of digoxin 
(as measured in part by improved cardiac output) 
was associated with improved left ventricular 
(LV) function .? This significant improvement 
in cardiac output was seen in patients at rest as 
well as during exercise. Long-term therapy with 
digoxin contributed to the maintenance of LV 
- Ajon as indicated by both a decrease in cardiac 
vit when digoxin was stopped and a restoration 
4eatment levels with readministration 
uf the drug. 






Digoxint 





support for 


Improved exercise tolerance 


In a new placebo-controlled study? of CHF patients 
with normal sinus rhythm and on diuretics, exer- 
cise tolerance (treadmill) was improved 14% 
(P<.05) by digoxin. In this study, digoxin pro- 
duced favorable effects on cardiac function beyond 
those of the diuretic alone. Another study* showed 
that digoxin significantly improved exercise toler- 
ance and O, consumption over placebo. In the 
latest digoxin/captopril study, there was no signifi- 
cant statistical difference between the two drugs 
with regard to effects on exercise tolerance and 
functional class.! 


20 Percent Improvement in Exercise Tolerance* 





Diuretic Baseline 


Digoxin 


* Adapted from DiBianco et al.” 


References: 1. The Captopril-Digoxin Multicenter Research Group: Comparative 
effects of therapy with captopril and digoxin in patients with mild to moderate heart 
failure. JAMA 1988;259:539-544. 2. DiBianco R, Shabetai R, Kostuk W, et al: Oral 
milrinone and digoxin in heart failure: Results of a placebo-controlled, prospective 
trial of each agent and the combination, abstract. Circulation 1987;76(suppl 4):256. 
3. Arnold SB, Byrd RC, Meister W, et al: Long-term digitalis therapy improves left , 
ventricular function in heart failure. N Engl J Med 1980;303:1443-1448. 4. Alicandri C, 1 
Fariello R, Boni E, et al: Comparison of captopril and digoxin in mild to moderate heart 
failure. Postgrad Med J 1986;62(suppl 1):170-175. 
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LANOXIN* oco TABLETS 


125 ug 
290 pg 
.500 pg 


Before using Lanoxin Tablets, the physician should be thoroughly familiar with 
the basic pharmacology of this drug as well as its drug interactions, indications, 


and usage. 

DESCRIPTION: Lanoxin is digoxin, one of the cardiac (or digitalis) glycosides, a closely related group of drugs having 
in common specific effects on the myocardium. 

INDICATIONS AND USAGE: 

Heart Failure: The increased cardiac output resulting from the inotropic action of digoxin ameliorates the distur- 
bances characteristic of heart failure (venous congestion, edema, dyspnea, orthopnea and cardiac asthma). 
Digoxin is more effective in “low output” (pump) failure than in “high output” heart failure secondary to arteriovenous 
fistula, anemia, infection or hyperthyroidism. 

Digoxin is usually continued after failure is controlled, unless some known precipitating factor is corrected. Studies 
have shown, however, that even though hemodynamic effects can be demonstrated in almost all patients, corres- 
ponding improvement in the signs and symptoms of heart failure is not necessarily apparent. Therefore, in patients in 
whom digoxin may be difficult to regulate, or in whom the risk of toxicity may be great (e.g., patients with unstable 
renal function or whose potassium levels tend to fluctuate) a cautious withdrawal of digoxin may be considered. If 


0.125 mg) Scored I.D. Imprint Y3B (yellow) 
0.25 Hi Scored I.D. Imprint X3A (white) 
0.5 mg) Scored I.D. Imprint T9A (green) 


- digoxin is discontinued, the patient should be regularly monitored for clinical evidence of recurrent heart failure. 
CONTRAI 


NDICATIONS: Digitalis glycosides are contraindicated in ventricular fibrillation. 
In a given patient, an untoward effect requiring permanent discontinuation of other digitalis preparations usually 
constitutes a contraindication to digoxin. Hypersensitivity to digoxin itself is a contraindication to its use. Allergy to 
digoxin, though rare, does occur. It may not extend to all such preparations, and another digitalis glycoside may be 


tried with caution. 
- WARNINGS: Digitalis alone or with other drugs has been used in the treatment of obesity. This use of digoxin or other 


digitalis glycosides is unwarranted. Moreover, since they may cause potentially fatal arrhythmias or other adverse 
effects, the use of these drugs solely for the treatment of obesity is dangerous. 
Anorexia, nausea, vomiting and arrhythmias may accompany heart failure or may be indications of digitalis 


- intoxication. Clinical evaluation of the cause of these symptoms should be attempted before further digitalis 


- administration. In such circumstances determination of the serum digoxin concentration may be an aid in deciding 


- whether or not digitalis toxicity is likely to be present. If the possibility of digitalis intoxication cannot be excluded, 
- cardiac glycosides should be temporarily withheld, if permitted by the 


_ Patients with severe carditis, such as carditis associated with rheumatic 
- fever or viral myocarditis, are especially sensitive to digoxin-induced distur- 
. bances of rhythm. 


Clinical situation. 

Patients with renal insufficiency require smaller than usual maintenance 
doses of digoxin (see DOSAGE AND ADMINISTRATION section in the com- 
plete prescribing information). 

Heart failure accompanying acute glomerulonephritis requires extreme care 
in digitalization. Relatively low loading and maintenance doses and concomi- 
tant use of antihypertensive drugs may be necessary and careful monitoring 
‘is essential. Digoxin should be discontinued as soon as possible. 


Newborn infants display considerable variability in their tolerance to digox- 
in. Premature and immature infants are particularly sensitive, and dosage 
must not only be reduced but must be individualized according to their 
degree of maturity. 

Note: Digitalis glycosides are an important cause of accidental poisoning in 


~ children. 
. PRECAUTIONS: 


| in. Therefore, it should be anticipated that dosage requirements will be 
. decreased in patients with moderate to severe renal disease (see DOSAGE 


General: Digoxin toxicity develops more frequently and lasts longer in 
patients with renal impairment because of the decreased excretion of digox- 





AND ADMINISTRATION section in the complete prescribing information). 
Because of the prolonged half-life, a longer period of time is required to 
achieve an initial or new steady-state concentration in patients with renal 
impairment than in patients with normal renal function. 

In patients with hypokalemia, toxicity may occur despite serum digoxin 


. concentrations within the "normal range”, because potassium depletion 

. sensitizes the myocardium to digoxin. Therefore, it is desirable to maintain 

. normal serum potassium levels in patients being treated with digoxin. Hypokalemia may result from diuretic, 
amphotericin B or corticosteroid therapy, and from dialysis or mechanical suction of gastrointestinal secretions. It 
- may also accompany malnutrition, diarrhea, prolonged vomiting, old age and long-standing heart failure. In general, 
-rapid changes in serum potassium or other electrolytes should be avoided, and intravenous treatment with potassium 
- should be reserved for special circumstances as described below (see TREATMENT OF ARRHYTHMIAS PRODUCED 


SD: 3*,^7 3477 


BY OVERDOSAGE section). 

Calcium, particularly when administered rapidly by the intravenous route, may produce serious arrhythmias in 
digitalized patients. Hypercalcemia from any cause predisposes the patient to digitalis toxicity. On the other hand, 
hypocalcemia can nullify the effects of digoxin in man; thus, digoxin may be ineffective until serum calcium is restored 
‘to normal. These interactions are related to the fact that calcium affects contractility and excitability of the heart in a 


. manner similar to digoxin. 


Hypomagnesemia may predispose to digitalis toxicity. If low magnesium levels are detected in a patient on digoxin, 


. replacement therapy should be instituted. 
-. Quinidine, verapamil, and amiodarone cause a rise in serum digoxin concentration, with the implication that digitalis 


intoxication may result. This rise appears to be proportional to the dose. The effect is mediated by a reduction in the 
‘digoxin clearance and, in the case of quinidine, decreased volume of distribution as well. 
Certain antibiotics may increase digoxin absorption in patients who convert digoxin to inactive metabolites in the gut 


- (see Pharmacokinetics portion of the CLINICAL PHARMACOLOGY section in the complete prescribing information). 
- Recent studies have shown that specific colonic bacteria in the lower gastrointestinal tract convert digoxin to 


cardioinactive reduction products, thereby reducing its bioavailability. Although inactivation of these bacteria by 
antibiotics is rapid, the serum digoxin concentration will rise at a rate consistent with the elimination half-life of 


. digoxin. The magnitude of rise in serum digoxin concentration relates to the extent of bacterial inactivation, and may 


be as much as two-fold in some cases. Patients with acute myocardial infarction or severe pulmonary disease may be 
unusually sensitive to digoxin-induced disturbances of rhythm. 


_ Atrial arrhythmias associated with hypermetabolic states (e.g. hyperthyroidism) are particularly resistant to digoxin 


treatment. Large doses of digoxin are not recommended as the only treatment of these arrhythmias and care must be 
taken to avoid toxicity if large doses of digoxin are required. In hypothyroidism, the digoxin requirements are 
reduced. Digoxin responses in patients with compensated thyroid disease are normal. 


- Reduction of digoxin dosage may be desirable prior to electrical cardioversion to avoid induction of ventricular 


arrhythmias, but the physician must consider the consequences of rapid increase in ventricular response to atrial 


fibrillation if digoxin is withheld 1 to 2 days prior to cardioversion. If there is a suspicion that digitalis toxicity exists, 
elective cardioversion should be delayed. If it is not prudent to delay cardioversion, the energy level selected should 
be minimal at first and carefully increased in an attempt to avoid precipitating ventricular arrhythmias. 

Incomplete AV block, especially in patients with Stokes-Adams attacks, may progress to advanced or complete heart 
block if digoxin is given. 

In some patients with sinus node disease (i.e. Sick Sinus Syndrome), digoxin may worsen sinus bradycardia or sino- 


.. atrial block. 


In patients with Wolff-Parkinson-White Syndrome and atrial fibrillation, digoxin can enhance transmission of 

impulses through the accessory pathway. This effect may result in extremely rapid ventricular rates and even 

ventricular fibrillation. 

Digoxin may worsen the outflow obstruction in patients with idiopathic hypertrophic subaortic stenosis (IHSS). 

Unless cardiac failure is severe, it is doubtful whether digoxin should be employed. 

Patients with chronic constrictive pericarditis may fail to respond to digoxin. In addition, slowing of the heart rate by 

digoxin in some patients may further decrease cardiac output. 

agp with heart failure from amyloid heart disease or constrictive cardiomyopathies respond poorly to treatment 
igoxin. 
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Digoxin is not indicated for the treatment of sinus tachycardia unless it is associated with heart failure. 
Digoxin may produce false positive ST-T changes in the electrocardiogram during exercise testing. 
intramuscular injection of digoxin is extremely painful and offers no advantages unless other routes of administration 
are contraindicated. 
Laboratory Tests: Patients receiving digoxin should have their serum electrolytes and renal function (BUN and/or 
serum creatinine) assessed periodically; the frequency of assessments will depend on the clinical setting. For 
discussion of serum digoxin concentrations, see DOSAGE AND ADMINISTRATION section in the complete prescribing 
information. 
Drug Interactions: Potassium-depleting corticosteroids and diuretics may be major contributing factors to digitalis 
toxicity. Calcium, particularly if administered rapidly by the intravenous route, may produce serious arrhythmias in 
digitalized patients. Quinidine, verapamil, and amiodarone cause a rise in serum digoxin concentration, with the 
implication that digitalis intoxication may result. Certain antibiotics increase digoxin absorption in patients who 
inactivate digoxin by bacterial metabolism in the lower intestine, so that digitalis intoxication may result. Propantheline 
and diphenoxylate, by decreasing gut motility, may increase digoxin absorption. Antacids, kaolin-pectin, sulfasalazine, 
neomycin, cholestyramine and certain anticancer drugs may interfere with intestinal digoxin absorption, resulting in 
unexpectedly low serum concentrations. There have been inconsistent reports regarding the effects of other drugs on 
the serum digoxin concentration. Thyroid administration to a digitalized hypothyroid patient may increase the dose 
requirement of digoxin. Concomitant use of digoxin and sympathomimetics increases the risk of cardiac arrhythmias 
because both enhance ectopic pacemaker activity. Succinylcholine may cause a sudden extrusion of potassium from 
muscle cells, and may thereby cause arrhythmias in digitalized patients. Although B adrenergic blockers or calcium 
channel blockers and digoxin may be useful in combination to control atrial fibrillation, their additive effects on AV node 
conduction can result in complete heart block. 
Due to the considerable variability of these interactions, digoxin dosage should be carefully individualized when 
patients receive coadministered medications. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: There have been no long-term studies performed in animals to 
evaluate carcinogenic potential. 
Pregnancy: Teratogenic Effects: Pregnancy Category C. Animal reproduction studies have not been conducted with 
digoxin. It is also not known whether digoxin can cause fetal harm when administered to a pregnant woman or can affect 
reproduction capacity. Digoxin should be given to a pregnant woman only if clearly needed. 
Nursing Mothers: Studies have shown that digoxin concentrations in the mother's serum and milk are similar. However, 
the estimated daily dose to a nursing infant will be far below the usual infant maintenance dose. Therefore, this amount 
should have no pharmacologic effect upon the infant. Nevertheless, caution should be exercised when digoxin is 
administered to a nursing woman. 
ADVERSE REACTIONS: The frequency and severity of adverse reactions to digoxin depend on the dose and route of 
administration, as well as on the patient's underlying disease or concomitant therapies (see PRECAUTIONS section). 
The overall incidence of adverse reactions has been reported as 5 to 20%, with 15 to 20% of them being considered 
serious (one to four percent of patients receiving digoxin). Evidence suggests that the incidence of toxicity has 
decreased since the introduction of the serum digoxin assay and improved 
standardization of digoxin tablets. Cardiac toxicity accounts for about one- 
half, gastrointestinal disturbances for about one-fourth, and CNS and other 
toxicity for about one-fourth of these adverse reactions. 
Adults: 
Cardiac—Unifocal or multiform ventricular premature contractions, 
especially in bigeminal or trigeminal patterns, are the most common ar- 
rhythmias associated with digoxin toxicity in adults with heart disease. 
Ventricular tachycardia may result from digitalis toxicity. Atrioventricular 
(AV) dissociation, accelerated junctional (nodal) rhythm and atrial tachycar- 
dia with block are also common arrhythmias caused by digoxin overdosage. 
Excessive slowing of the pulse is a clinical sign of digoxin overdosage. AV 
block (Wenckebach) of increasing degree may proceed to complete heart 
block. 
Note: The electrocardiogram is fundamental in determining the presence and 
nature of these cardiac disturbances. Digoxin may also induce other changes 
in the ECG (e.g. PR prolongation, ST depression), which represent digoxin 
effect and may or may not be associated with digitalis toxicity. 
Gastrointestinal — Anorexia, nausea, vomiting and less commonly diarrhea 
are common early symptoms of overdosage. However, uncontrolled heart 
failure may also produce such symptoms. Digitalis toxicity very rarely may 
cause abdominal pain and hemorrhagic necrosis of the intestines. 
CNS— Visual disturbances (blurred or yellow vision), headache, weakness, 
apathy and psychosis can occur. 
Other—Gynecomastia is occasionally observed. 
infants and Children: Toxicity differs from the adult in a number of respects. 
Anorexia, nausea, vomiting, diarrhea and CNS disturbances may be present 
but are rare as initial symptoms in infants. Cardiac arrhythmias are more 
reliable signs of toxicity. Digoxin in children may produce any arrhythmia. 
The most commonly encountered are conduction disturbances or supra- 
ventricular tachyarrhythmias, such as atrial tachycardia with or without block, and junctional (nodal) tachycardia. 
Ventricular arrhythmias are less common. Sinus bradycardia may also be a sign of impending digoxin intoxication, 
especially in infants, even in the absence of first degree heart block. Any arrhythmia or alteration in cardiac conduction 
that develops in a child taking digoxin should initially be assumed to be a consequence of digoxin intoxication. 
TREATMENT OF ARRHYTHMIAS PRODUCED BY OVERDOSAGE: 
Adults: Digoxin should be discontinued until all signs of toxicity are gone. Discontinuation may be all that is necessary ¿$ 
toxic manifestations are not severe and appear only near the expected time for maximum effect of the drug. 
Potassium salts are commonly used, particularly if hypokalemia is present. Potassium chloride in divided oral doses 
totaling 3 to 6 grams of the salt (40 to 80 mEq K+) for adults may be given provided renal function is adequate (see 
below for potassium recommendations in Infants and Children). 
When correction of the arrhythmia is urgent and the serum potassium concentration is low or normal, potassium 
should be administered intravenously in 5% dextrose injection. For adults, a total of 40 to 80 mEq (diluted to a 
concentration of 40 mEq per 500 ml) may be given at a rate not exceeding 20 mEq per hour, or slower if limited by pain 
due to local irritation. Additional amounts may be given if the arrhythmia is uncontrolled and potassium well-tolerated. 
ECG monitoring should be performed to watch for any evidence of potassium toxicity (e.g. peaking of T waves) and to 
observe the effect on the arrhythmia. The infusion may be stopped when the desired effect is achieved. 
Note: Potassium should not be used and may be dangerous in heart block due to digoxin, unless primarily related to 
supraventricular tachycardia. 
Other agents that have been used for the treatment of digoxin intoxication include lidocaine, procainamide, propranolol 
and phenytoin, although use of the latter must be considered experimental. In advanced heart block, temporary 
ventricular pacing may be beneficial. Digoxin Immune Fab (Ovine), Digibind®, can be used to reverse potentially life- 
threatening digoxin (or digitoxin) intoxication. Improvement in signs and symptoms of digitalis toxicity usually begins 
within ¥2 hour of Digibind administration. Each 40 mg vial of Digibind will neutralize 0.6 mg of digoxin (which is a usual 
body store of an adequately digitalized 70 kg patient). 
infants and Children: See Adult section for general recommendations for the treatment of arrhythmias produced by 
overdosage and for cautions regarding the use of potassium. 
If a potassium preparation is used to treat toxicity, it may be given orally in divided doses totaling 1 to 1.5 mEq K+ per 
kilogram (kg) body weight (1 gram of potassium chloride contains 13.4 mEq K+). 
When correction of the arrhythmia with potassium is urgent, approximately 0.5 mEq/kg of potassium per hour may be 
given intravenously, with careful ECG monitoring. The intravenous solution of potassium should be dilute enough to 
avoid local irritation; however, especially in infants, care must be taken to avoid intravenous fluid overload. 
DOSAGE AND ADMINISTRATION: Recommended dosages are average values that may require considerable 
modification because of individual sensitivity or associated conditions. Diminished renal function is the most 
important factor requiring modification of recommended doses. 
In deciding the dose of digoxin, several factors must be considered: 
1. The disease being treated. Atrial arrhythmias may require larger doses than heart failure. 
2. The body weight of the patient. Doses should be calculated based upon lean or ideal body weight. 
3. The patient's renal function, preferably evaluated on the basis of creatinine clearance. 
4. Age is an important factor in infants and children. 
5. Concomitant disease states, drugs or other factors likely to alter the expected clinical response to digoxin (see 
PRECAUTIONS and Drug Interactions sections). 
Consult complete product information before prescribing. 
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patients with dysplastic valves. There were 2 deaths (0.2%), 3 other major 
complications (0.3%), 11 minor complications (1.3%) and 21 incidents 
(2.6%). The incidence of complications and minor incidents was inversely 
related to age, being most common in neonates. Pulmonary valvuloplasty 
is safe and effective in lowering pulmonary outflow gradients. 


FEE Uu d E SEU Er s gicdi. ipt. I XN ar sip iw d 
Balloon Aortic Valvuloplasty: Results of the Valvuloplasty and 
Angioplasty of Congenital Anomalies Registry 

Albert P. Rocchini, Robert H. Beekman, Giora Ben Schachar, 

Lee Benson, David Schwartz, and Jean S. Kan 


Data from 204 children and infants who underwent aortic balloon valvulo- 
plasty between 1982 and 1986, and were reported to the Valvuloplasty and 
Angioplasty of Congenital Anomalies Registry, were reviewed. Valvulo- 
plasty was successful in 192 of 204 children, reducing the peak systolic left 
ventricular ejection gradient from 77 + 2 to 30 + 1 mm Hg, p «0.001. 
The same degree of aortic stenosis gradients reduction was noted in both 
the 38 children under 1 year of age and in the 166 children over 1 year of 
age. Significant complications included death, aortic regurgitation and 
femoral artery thrombosis or damage. The incidence of these complica- 
tions correlated with the age of the child, the ratio of valvuloplasty balloon 
size/anulus size, or both. The data suggest that percutaneous balloon 
valvuloplasty provides effective acute relief of valvar aortic stenosis in both 
infants and children. However, long-term follow-up data are necessary 
before balloon valvuloplasty can be established as a treatment of choice for 
congenital valvar aortic stenosis. 


ZU IDE e e tiae NCR MPT ook op ENSE Se A 
Balloon Angioplasty for the Treatment of Native Coarctation: 
Results of Valvuloplasty and Angioplasty of Congenital 
Anomalies Registry 

Michael Tynan, John P. Finley, Vilmir Fontes, John Hess, and Jean Kan 


Data on dilation of 141 native coarctation procedures in 140 patients 
between 3 days and 29 years of age were submitted to the Valvuloplasty 
and Angioplasty of Congenital Anomalies (VACA) Registry. Fifteen 
patients were <4 weeks old, 15 between | month and 12 months old and 
110 patients over | year old. The immediate results confirmed that native 
coarctations could be effectively dilated in both infants and older children. 
The data do not support any conclusions concerning balloon size relative to 
results or complications. There were 24 complications (17%) reported 
with 1 death after 3 days and after intervening surgery in an infant with 
associated persistent ductus arteriosus. There were 2 early and 6 late 
"aneurysms" reported after the coarctation dilations with insufficient 
immediate and no long-term information about the significance of these. 
The VACA Registry data suggest that dilation of native coarctations can 
be performed effectively and relatively safely but do not answer whether 
this procedure should be performed. 
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Balloon Angioplasty for Aortic Recoarctation: Results of 
Valvuloplasty and Angioplasty of Congenital Anomalies 
Registry 

William E. Hellenbrand, Hugh D. Allen, Richard J. Golinko, 

Donald J. Hagler, William Lutin, and Jean Kan 


Balloon angioplasty was performed in 200 patients with recoarctation of 
the aorta in a multicenter prospective study. The average age at the time of 
the procedure was 7.0 years (range 1 month to 26 years). Peak systolic 
pressure differences decreased from 41.9 + 19.6 to 13.3 + 12.1 mm Hg. 
The diameter of the recurrent coarctation site increased from 5.2 + 2.9 to 
8.9 + 3.4 mm. After angioplasty, residual pressure differences of «20 mm 
Hg were found in 79.4% of the patients. Five patients died of complica- 
tions related to the procedure (2.5%). Two deaths were directly related to 
the technical aspects of the procedure and 3 patients died because of the 
severity of the underlying disease. One additional patient suffered a cere- 
brovascular accident. Femoral artery complications occurred in 17 pa- 
tients (8.5%) and 8 patients required surgical thrombectomy. 


798 

Balloon Angioplasty-Branch Pulmonary Artery Stenosis: 
b Results from the Valvuloplasty and Angioplasty of Congenital 
| Anomalies Registry 
Jean S. Kan, William J. Marvin, Jr., John L. Bass, Alexander J. Muster, 
and John Murphy 


Balloon angioplasty for branch pulmonary artery stenosis was reported 
from 27 institutions to the Valvuloplasty and Angioplasty of Congenital 
Anomalies Registry. One hundred eighty-two procedures were performed 
in 156 patients ranging in age from 0.2 to 46.2 years (mean 7.7). Data 
indicate that balloon angioplasty for branch pulmonary artery stenosis 
increases vessel dimension at the site of stenosis, reduces systolic pressure 
: gradient and, to a minor degree, reduces proximal pressure. 


TT UM SAE 


f 802 
| Balloon Dilation of Miscellaneous Lesions: Results of 
Valvuloplasty and Angioplasty of Congenital Anomalies 
Registry 
Charles E. Mullins, Larry A. Latson, William H. Neches, Edward V. Colvin, 
and Jean Kan 


Data submitted to the Valvuloplasty and Angioplasty of Congenital 
Anomalies Registry for “other” and “miscellaneous” lesion dilations were 
| examined. Because the lesions and the dilation techniques were so varied, 
we cannot offer firm conclusions on efficacy. The data do show, however, 
that these dilations are safe compared to alternative surgical therapy. 


Continued on page A46 
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SQUIBB 


ADD CAPOTEN EARLY 


Whether or not 

your heart failure - 
Th patients are receiving 
ul digitalis*. 


(NYHA Class II, III, and IV). - 


IN MILD, MODERATE, AND SEVERE HEART FAILURE 


*CAPOTEN is indicated in patients with heart failure who have not responded adequately to treatment with diuretics and digitalis. Although the 
beneficial effect of captopril in heart failure does not require the presence of digitalis, most controlled clinical trial experience with captopril has 
been in patients receiving digitalis as well as diuretic treatment. Consequently, CAPOTEN should generally be added to both of these agents 
except when digitalis use is poorly tolerated or otherwise not feasible. In using CAPOTEN, consideration should be given to the risk of neutro- 
penia/agranulocytosis. Use special precautions in patients with impaired renal function, collagen vascular disorders, or those exposed to other 
drugs known to affect the white blood cells or immune response. Evaluation of heart failure patients should always include assessment of renal 
function. See INDICATIONS, CONTRAINDICATIONS, WARNINGS, and ADVERSE REACTIONS in the brief summary on adjacent page. 








CAPOTEN® TABLETS 
Captopril Tablets 


INDICATIONS: Hypertension—CAPOTEN (captopril) is indicated for the treatment of hyper- 
tension. Consideration should be given to the risk of neutropenia/ agranulocytosis (see WARN- 


-. INGS). CAPOTEN is effective alone and in combination with other antihypertensive agents, 


especially thiazide-type diuretics. 


Heart Failure: CAPOTEN (captopril) is indicated in the treatment of congestive heart failure in 
patients who have not responded adequately to treatment with diuretics and digitalis. CAPOTEN 


should generally be added to both of these agents except when digitalis use is poorly tolerated 
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or otherwise not feasible. 


CONTRAINDICATIONS: CAPOTEN is contraindicated in patients who are hypersensitive to 
this product. 


t WARNINGS: Angioedema—Angioedema involving the extremities, face, lips, mucous mem- 


branes, tongue, glottis or larynx has been seen in patients treated with ACE inhibitors, includ- 
ing captopril. If angioedema involves the tongue, glottis or larynx, airway obstruction may occur 
and be fatal. Emergency therapy, including but not necessarily limited to, subcutaneous ad- 
ministration of a 1:1000 solution of epinephrine should be promptly instituted. 


Neutropenia/Agranulocytosis—Neutropenia (—1000/mm?) with myeloid hypoplasia has resulted 


- from use of captopril. About half of the neutropenic patients developed systemic or oral cavity 
. infections or other features of the syndrome of agranulocytosis. The risk of neutropenia is 
- dependent on the clinical status of the patient: 


In clinical trials in patients with hypertension who have normal renal function (serum creati- 
nine less than 1.6 mg/dL and no collagen vascular disease), neutropenia has been seen in 
one patient out of over 8,600 exposed. In patients with some degree of renal failure (serum 
creatinine at least 1.6 mg/dL) but no collagen vascular disease, the risk in clinical trials was 
about 1 per 500. Doses were relatively high in these patients, particularly in view of their 
diminished renal function. In patients with collagen vascular diseases (e.g., systemic lupus 
erythematosus, scleroderma) and impaired renal function, neutropenia occurred in 3.7% of 
patients in clinical trials. While none of the over 750 patients in formal clinical trials of heart 
failure developed neutropenia, it has occurred during the subsequent clinical experience. Of 
reported cases, about half had serum creatinine > 1.6 mg/dL and more than 75% received 
procainamide. In heart failure, it appears that the same risk factors for neutropenia are present. 


Neutropenia has appeared usually within 3 months after starting therapy, associated with my- 
eloid hypoplasia and frequently accompanied by erythroid hypoplasia and decreased num- 
bers of megakaryocytes (e.g., hypoplastic bone marrow and pancytopenia); anemia and 
thrombocytopenia were sometimes seen. Neutrophils generally returned to normal in about 2 
weeks after captopril was discontinued, and serious infections were limited to clinically com- 
plex patients. About 1396 of the cases of neutropenia have ended fatally, but almost all fatalities 
were in patients with serious illness, having collagen vascular disease, renal failure, heart 
failure or immunosuppressant therapy, or a combination of these complicating factors. Evalua- 
tion of the hypertensive or heart failure patient should always include assessment of renal 
function. If captopril is used in patients with impaired renal function, white blood cell and 
differential counts should be evaluated prior to starting treatment and at approximately 2-week 
intervals for about 3 months, then periodically. In patients with collagen vascular disease or 
who are exposed to other drugs known to affect the white cells or immune response, particu- 
larly when there is impaired renal function, captopril should be used only after an assessment 
of benefit and risk, and then with caution. All patients treated with captopril should be told to 
report any signs of infection (e.g., sore throat, fever). If infection is suspected, perform white 


— cell counts without delay. Since discontinuation of captopril and other drugs has generally led 
-. to prompt return of the white count to normal, upon confirmation of neutropenia (neutrophil 
count « 1000/mm?) withdraw captopril and closely follow the patient's course. 


. Proteinuria: Total urinary proteins ^1 g per day were seen in about 0.7% of patients on captopril. 
- About 90% of affected patients had evidence of prior renal disease or received high doses 


(7150 mg/day), or both. The nephrotic syndrome occurred in about one-fifth of proteinuric 


. patients. In most cases, proteinuria subsided or cleared within 6 months whether or not captopril 


was continued. The BUN and creatinine were seldom altered in proteinuric patients. Since 
most cases of proteinuria occurred by the 8th month of therapy with captopril, patients with 
prior renal disease or those receiving captopril at doses >150 mg per day, should have urinary 
protein estimates (dip-stick on 1st morning urine) before therapy, and periodically thereafter. 


: Excessive hypotension was rarely seen in hypertensive patients but is a possi- 


bility in severely salt/volume-depleted persons such as those treated vigorously with diuretics 
- (see PRECAUTIONS [Drug Interactions]). In heart failure, where the blood pressure was either 


normal or low, transient decreases in mean blood pressure >20% were recorded in about half 
of the patients. This transient hypotension may occur after any of the first several doses and is 
usually well tolerated, although rarely it has been associated with arrhythmia or conduction 
defects. A starting dose of 6.25 or 12.5 mg tid may minimize the hypotensive effect. Patients 
should be followed closely for the first 2 weeks of treatment and whenever the dose of captopril 


.. and/or diuretic is increased. 





BECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN THESE PATIENTS, THERAPY 


— SHOULD BE STARTED UNDER VERY CLOSE MEDICAL SUPERVISION. 


PRECAUTIONS: General: Impaired Renal Function—Hypertension—Some hypertensive patients 
with renal disease, particularly those with severe renal artery stenosis, have developed in- 
creases in BUN and serum creatinine. It may be necessary to reduce captopril dosage and/or 
discontinue diuretic. For some of these patients, normalization of blood pressure and mainte- 
nance of adequate renal perfusion may not be possible. Heart Failure—About 2096 of patients 
develop stable elevations of BUN and serum creatinine >20% above normal or baseline upon 
long-term treatment. Less than 596 of patients, generally with severe preexisting renal disease, 
required discontinuation due to progressively increasing creatinine. See DOSAGE AND ADMIN- 


— |STRATION, ADVERSE REACTIONS [Altered Laboratory Findings]. Valvular Stenosis—A theo- 


retical concern, for risk of decreased coronary perfusion, has been noted regarding vasodilator 
treatment in patients with aortic stenosis due to decreased afterload reduction. Surgery/Anes- 
thesia—if hypotension occurs during surgery or anesthesia, and is considered due to the ef- 
fects of captopril, it is correctable by volume expansion. 


Drug Interactions: Hypotension—Patients on Diuretic Therapy—Precipitous reduction of blood 
pressure may occasionally occur within the 1st hour after administration of the initial captopril 
dose in patients on diuretics, especially those recently placed on diuretics, and those on se- 
vere dietary salt restriction or dialysis. This possibility can be minimized by either discontinuing 
the diuretic or increasing the salt intake about 1 week prior to initiation of captopril therapy or 
by initiating therapy with small doses (6.25 or 12.5 mg). Alternatively, provide medical supervi- 
sion for at least 1 hour after the initial dose. 

Agents Having Vasodilator Activity—in heart failure patients, vasodilators should be ad- 
ministered with caution. 

Agents Causing Renin Release—Captopril's effect will be augmented by antihypertensive 
agents that cause renin release. 

Agents Affecting Sympathetic Activity—The sympathetic nervous system may be especially 
important in supporting blood pressure in patients receiving captopril alone or with diuretics. 
Beta-adrenergic blocking drugs add some further antihypertensive effect to captopril, but the 
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overall response is less than additive. Therefore, use agents affecting sympathetic activity (e.g., 
ganglionic blocking agents or adrenergic neuron blocking agents) with caution. 

Agents Increasing Serum Potassium—Give potassium-sparing diuretics or potassium sup- 
plements only for documented hypokalemia, and then with caution, since they may lead to a 
significant increase of serum potassium. Use potassium-containing salt substitutes with caution. 

Inhibitors of Endogenous Prostaglandin Synthesis—Indomethacin and other nonsteroidal anti- 
inflammatory agents may reduce the antihypertensive effect of captopril, especially in low 
renin hypertension. 

Lithium—Increased serum lithium levels and symptoms of lithium toxicity have been reported 
in patients receiving concomitant lithium and ACE inhibitor therapy. These drugs should be 
coadministered with caution and frequent monitoring of serum lithium levels is recommended. 
If a diuretic is also used, it may increase the risk of lithium toxicity. 


Drug/Laboratory Test Interaction: Captopril may cause a false-positive urine test for acetone. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: Two-year studies with doses of 50 
to 1350 mg/kg/day in mice and rats failed to show any evidence of carcinogenic potential. 
Studies in rats have revealed no impairment of fertility. 


Pregnancy: Category C: Embryocidal effects and craniofacial malformations were observed in 
rabbits. Human Experience—There are no adequate and well-controlled studies of captopril in 
pregnant women. Data are available that show captopril crosses the human placenta. Captopril 
should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

Based on post-marketing experience with all ACE inhibitors, the following information has 
been collected. Inadvertent exposure limited to the first trimester of pregnancy does not ap- 
pear to affect fetal outcome adversely. Fetal exposure during the second and third trimester of 
pregnancy has been associated with fetal and neonatal morbidity and mortality. 

When ACE inhibitors are used during the later stages of pregnancy, there have been reports 
of hypotension and decreased renal perfusion in the newborn. Oligohydramnios in the mother 
has also been reported. Infants exposed in utero to ACE inhibitors should be closely observed 
for hypotension, oliguria and hyperkalemia. If oliguria occurs, attention should be directed 
toward support of blood pressure and renal perfusion with the administration of fluids and 
pressors as appropriate. Problems associated with prematurity such as patent ductus arteri- 
osus have occurred in association with maternal use of ACE inhibitors but it is not clear whether 
they are related to ACE inhibition, maternal hypertension or the underlying prematurity. 

There is no experience with exchange transfusion, hemodialysis or peritoneal dialysis for 
removing captopril from the neonatal circulation. 


Nursing Mothers: Captopril is secreted in human milk. Exercise caution when administering 
captopril to a nursing woman, and, in general, nursing should be interrupted. 


Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Reported incidences are based on clinical trials involving approxi- 
mately 7000 patients. 

Renal—About 1 of 100 patients developed proteinuria (see WARNINGS). Renal insufficiency, 
renal failure, polyuria, oliguria, and urinary frequency in 1 to 2 of 1000 patients. 

Hematologic—Neutropenia/agranulocytosis has occurred (see WARNINGS). Anemia, 
thrombocytopenia, and pancytopenia have been reported. 

Dermatologic—Rash, (usually maculopapular, rarely urticarial), often with pruritus, and some- 
times with fever and eosinophilia, in about 4 to 7 of 100 patients (depending on renal status and 
dose), usually during the 1st 4 weeks of therapy. Pruritus, without rash, in about 2 of 100 pa- 
tients. A reversible associated pemphigoid-like lesion, and photosensitivity, have also been 
reported. Flushing or pallor in 2 to 5 of 1000 patients. 

Cardiovascular—Hypotension may occur; see WARNINGS and PRECAUTIONS [Drug 
Interactions] for discussion of hypotension on initiation of captopril therapy. Tachycardia, chest 
pain, and palpitations each in about 1 of 100 patients. Angina pectoris, myocardial infarction, 
Raynaud's syndrome, and congestive heart failure each in 2 to 3 of 1000 patients. 

Dysgeusia—Approximately 2 to 4 (depending on renal status and dose) of 100 patients 
developed a diminution or loss of taste perception; taste impairment is reversible and usually 
self-limited even with continued drug use (2 to 3 months). 

Angioedema—Angioedema involving the extremities, face, lips, mucous membranes, tongue, 
glottis or larynx has been reported in approximately one in 1000 patients. Angioedema involv- 
ing the upper airways has caused fatal airway obstruction. (See WARNINGS.) 

The following have been reported in about 0.5 to 2 percent of patients but did not appear at 
increased frequency compared to placebo or other treatments used in controlled trials: gastric 
irritation, abdominal pain, nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers, 
peptic ulcer, dizziness, headache, malaise, fatigue, insomnia, dry mouth, dyspnea, cough, alo- 
pecia, paresthesias. 

Other clinical adverse effects reported since the drug was marketed are listed below by 
body system. In this setting, an incidence or causal relationship cannot be accurately determined. 

General: Asthenia, gynecomastia. 

Cardiovascular: Cardiac arrest, cerebrovascular accident, syncope. 

Dermatologic: Bullous pemphigus. 

Gastrointestinal: Pancreatitis, glossitis. 

Hematologic: Anemia, including aplastic and hemolytic. 

Hepatobiliary: Hepatitis, including rare cases of necrosis, cholestasis. 

Metabolic: Symptomatic hyponatremia. 

Musculoskeletal: Myalgia, myasthenia. 

Nervous/Psychiatric: Ataxia, confusion, depression, nervousness, somnolence. 

Respiratory: Bronchospasm, eosinophilic pneumonitis, rhinitis. 

Special Senses: Blurred vision. 

Urogenital: Impotence. 

As with other ACE inhibitors, a syndrome has been reported which includes: fever, myalgia, 
arthralgia, rash or other dermatologic manifestations, eosinophilia and an elevated ESR. Find- 
ings have usually resolved with discontinuation of treatment. 


Altered Laboratory Findings: Serum Electrolytes: Hyperkalemia: small increases in serum po- 
tassium, especially in patients with renal impairment (see PRECAUTIONS). 

Hyponatremia: particularly in patients receiving a low sodium diet or concomitant diuretics. 

BUN/Serum Creatinine: Transient elevations of BUN or serum creatinine especially in volume 
or salt depleted patients or those with renovascular hypertension may occur. Rapid reduction 
of longstanding or markedly elevated blood pressure can result in decreases in the glomerular 
filtration rate and, in turn, lead to increases in BUN or serum creatinine. 

Hematologic: A positive ANA has been reported. 

Liver Function Tests: Elevations of liver transaminases, alkaline phosphatase, and serum 
bilirubin have occurred. 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion with an I.V. 
infusion of normal saline is the treatment of choice for restoration of blood pressure. Captopril 
may be removed from the general circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken one hour before meals. 
In hypertension, CAPOTEN may be dosed bid or tid. Dosage must be individualized; see DOS- 
AGE AND ADMINISTRATION section of package insert for detailed information regarding dos- 
age in hypertension and in heart failure. Because CAPOTEN (captopril) is excreted primarily by 
the kidneys, dosage adjustments are recommended for patients with impaired renal function. 


Consult package insert before prescribing CAPOTEN (captopril). 


HOW SUPPLIED: Available in tablets of 12.5, 25, and 50 mg in bottles of 100 and 1000; 100 mg 
in bottles of 100; and in UNIMATIC® unit-dose packs of 100 tablets. (J3-658R) 


810-502 Issued: February 1990 


-rT EN PO Pl C ESE CX "ED -— 7 P Qn CU "TEM = 
PO TR ET LT SIRO a LN OA ee YR 
e ay STUN i Mo pu d ws kS - i 


wer, 


v isi Y i £t. 








Physicians’ 
Travel & 
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-Education Events 





Physicians’ Travel & Meeting Guide is the 
primary source for physicians planning 
their professional travel and medical 
education opportunities. Each issue offers 
a detailed list of hundreds of medical 
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foreign 
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location and 
starting date. 
This detailed 
listing establishes 
Physicians’ Travel 
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for all physicians. 
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TO ORDER CALL: 800-637-6087 


Physicians U.S. 1 Year - $30 

Other U.S. 1 Year - $60 

Outside U.S. 1 Year - $100 K00001 
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Advanced Cath 
Lab Training Session 


Internship in Invasive 
Cardiac Procedures 
Four or Eight-Week Sessions 
Monday through Friday, 
8:00 a.m. to 4:00 p.m. 
Sessions begin Spring 1990 
Registration Fee — 

Four Weeks $750.00 
Eight Weeks $1,000.00 


Washington Heart, a division of the 
Washington Hospital Center, offers 
an internship for individuals inter- 
ested in updating their knowledge of 
invaSive cardiac procedures, particu- 
larly Angioplasty and Valvuloplasty. 
Washington Heart staff perform over 
5,600 cardiac catheterizations yearly, 
including 1,400 PTCA’s, AORTIC 
and MITRAL VALVULOPLASTIES, 
and EPS studies. 


You're invited to learn the latest in 
our exciting and challenging environ- 
ment. Registration is limited. For 
more information, please call Richard 
Ali, Catheterization Lab Coordinator, 
at (202) 877-7166 or write to him at 
the Washington Hospital Center, 110 
Irving Street, N.W., Washington, 
D.C. 20010-2975. 


WASHINGTON 
HOSPITAL 


CENTER 


A not-for-profit member of 
aj ZMEDLANTIC Equal Opportunity Employer 
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Assessment of the Hemodynamic Response to Acetyl- 
Strophanthidin by Doppler Echocardiography in Normal 
Subjects and in Those with Coronary Artery Disease or 
Idiopathic Dilated Cardiomyopathy 

Helmut W. Lange, Steven Lampert, Martin G. St. John Sutton, 
and Bernard Lown 


We measured the effect of acetyl-strophanthidin, a rapidly acting digital- 
is-like drug, on peak flow velocity, stroke distance (an index of stroke 
volume) and minute distance (an index of cardiac output), determined by 
Doppler echocardiography in 21 subjects with a wide range of left ventric- 
ular ejection fraction (12 to 89%, average 47% ). For the total study group, 
peak flow velocity increased from 99 + 10 to 110 + 13 cm/s (p <0.01) 
and stroke distance increased from 15.1 + 3.2 to 16.8 + 3.2 cm (p <0.01). 
Minute distance remained unchanged: 1,093 + 168 cm before and 1,129 
+ 187 cm after acetyl-strophanthidin. Improvement in Doppler parame- 
ters of forward blood flow was significantly (p «0.001 ) greater in subjects 
with a left ventricular ejection fraction <60% ( +17% for peak flow veloci- 
ty, +22% for stroke distance and +15% for minute distance) than in those 
in whom it was 260% (+4% for peak flow velocity, +2% for stroke 
distance and —8% for minute distance). Our data suggest that Doppler 
echocardiography is a useful method to assess the efficacy of acute digital- 
is administration in improving forward blood flow. 
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Cause of Acute Myocardial Infarction Late After Successful 
Coronary Artery Bypass Grafting 

William C. Little, Nelson S. Gwinn, Mark T. Burrows, Michael A. Kutcher, 
Frederic R. Kahl, and Robert J. Applegate 
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Usefulness of Echocardiographic Left Ventricular Ejection 

Fraction and Silent Myocardial Ischemia in Predicting New 
Coronary Events in Elderly Patients with Coronary Artery 

Disease or Systemic Hypertension 

Wilbert S. Aronow, Stanley Epstein, and Mordecai Koenigsberg 
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An Angiographic and Histologic Study of Cocaine-Induced 
Chest Pain 

Pirzada A. Majid, Bharat Patel, Han-Seob Kim, Janice L. Zimmerman, 
and R. Phillip Dellinger 
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Prophylaxis Perfected 


Now, your post-MI patients can get the solving predictably in the intestinal lumen. 
benefits of Genuine BAYER” Aspirin with And, Therapy BAYER is priced to cost up 
the added safety of a new enteric-coated to 25% less per day than Ecotrin* Caplets. 
formulation. Therapy BAYER reduces the Therapy BAYER — a perfect addition 
risk of second heart attack by inhibit- P to The Bayer Company’s ongoing 
ing platelet aggregation. In addition, 4528 4 commitment to your patients' 
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Brief Summary 

Therapy BAYER® Aspirin 

Delayed-Release Enteric Aspirin (Acetylsalicylic Acid) Caplets to Help 
Reduce the Risk of Second MI or MI in Unstable Angina 


DOSAGE AND ADMINISTRATION: 

Although most of the studies used dosages exceeding 300 mg, two trials 
used only 300 mg daily, and pharmacologic data indicate that this dose 
inhibits platelet function fully. Therefore, 300 mg or a conventional 325 
mg aspirin dose daily is a reasonable routine dose that would minimize 
gastrointestinal adverse reactions. This use of aspirin applies to both solid 
oral dosage forms (buffered and plain aspirin) and buffered aspirin in 
solution. 


CARDIOVASCULAR AND BIOCHEMICAL: 

in the AMIS trial, the dosage of 1,000 mg per day of aspirin was associ- 
ated with small increases in systolic blood pressure (BP) (average 1.5 to 
21 mm) and diastolic BP (0.5 to 0.6 mm), depending upon whether max- 
imal or last available readings were used. Blood urea nitrogen and uric 
acid levels were also increased but by less than 1.0 mg percent. Subjects 
with marked hypertension or renal insufficiency had been excluded from 
the trial so that the clinical importance of these observations for such 
subjects or for any subjects treated over more prolonged periods is not 
known. It is recommended that patients placed on long-term aspirin 
treatment, even at doses of 300 mg per day, be seen at regular intervals 
to assess changes in these measurements. 


BIOAVAILABILITY: 

The bioavailability of aspirin from Therapy BAYER has been confirmed. In 
a single-dose study! in which plasma acetylsalicylic acid and salicylic 
acid levels were measured, measurable plasma concentrations were 
achieved within 15 minutes after dosing. Maximum concentrations were 
achieved at approximately five hours postdosing. Therapy BAYER, when 
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compared with plain aspirin, achieves maximum plasma salicylate levels 
not significantly different from plain, i.e., not enteric-coated, aspirin. 
Dissolution of the enteric coating occurs at a neutral-to-basic pH and is 
therefore dependent on gastric emptying into the duodenum. With con- 
tinued dosing, appropriate therapeutic plasma levels are maintained. 


SAFETY: 

The safety of enteric-coated aspirin has been demonstrated in a number 
of endoscopic studies comparing enteric-coated aspirin and plain aspi- 
rin, as well as plain buffered and “arthritis strength” preparations. In these 
studies, endoscopies were performed in healthy volunteers before and after 
either two-day or 14-day administration of aspirin doses of 3,900 or 4,000 
mg/day. Compared to all the other preparations, the enteric-coated aspi- 
rin produced significantly less damage to the gastric mucosa. There was 
also statistically less duodenal damage when compared with the plain, 
i.e., non-enteric-coated, aspirin. 


ADVERSE REACTIONS: 

Gastrointestinal reactions: Doses of 1,000 mg per day of aspirin caused 
gastrointestinal symptoms and bleeding that, in some cases, were clin- 
ically significant. In the largest postinfarction study (the Aspirin Myocardial 
infarction Study [AMIS] with 4,500 people),2 the percentage of inci- 
dences of gastrointestinal symptoms for the aspirin (1,000 mg of a stan- 
dard. solid-tablet formulation) and placebo-treated subjects, respectively, 
were stomach pain (14.5%, 4.4%), heartburn (11.9%, 4.8%), nausea and/ 
or vomiting (7696, 21%), and hospitalization for GI disorder (4.9%, 3.5%). 
in the AMIS and other trials, aspirin-treated patients had increased rates 
of gross gastrointestinal bleeding. Symptoms and signs of gastrointes- 
tinal irritation were not significantly increased in subjects treated for 
unstable angina with buffered aspirin in solution. 

PROFESSIONAL WARNING: 


Occasional reports have documented individuals with impaired gastric 
emptying in whom there may be retention of one or more enteric-coated 
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aspirin caplets over time. This phenomenon may occur as a result of out- 
let obstruction from ulcer disease alone or combined with hypotonic gastric 
peristalsis. Because of the integrity of the enteric coating in an acidic 
environment, these caplets may accumulate and form a bezoar in th 
stomach. Individuals with this condition may present with complaints o 
early satiety or of vague upper abdominal distress. Diagnosis may be 
by endoscopy or by abdominal films, which show opacities suggestive of 
a mass of small caplets. Management may vary according to the con- 
dition of the patient. Options include gastrotomy and alternating slightly 
basic and neutral lavage.4 While there have been no clinical reports, it 
has been suggested that such individuals may also be treated with par- 
enteral cimetidine (to reduce acid secretion) and then given sips of slightly 
basic liquids to effect gradual dissolution of the enteric coating. Prog- 
ress may be followed with plasma salicylate levels or via recognition of 
tinnitus by the patient. 


It should be kept in mind that individuals with a history of partial or com- 
plete gastrectomy may produce reduced amounts of acid and therefore have 


less acidic gastric pH. Under these circumstances, the benefits offered 
by the acid-resistant enteric coating may not exist. 


REFERENCES: 

1 Data on file, Glenbrook Laboratories. 2. Aspirin Myocardial Infarction 
Study Research Group: A randomized, controlled trial of aspirin in per- 
sons recovered from myocardial infarction. JAMA 1980;245:661-669. 3. 
Bogacz K, Caldron P: Enteric-coated aspirin bezoar: Elevation of serum 
salicylate level by barium study. Am J Med 1987;83:783-786. 4. Baum J: 
Enteric-coated aspirin and the problem of gastric retention. J Rheumatol 
1984;11:250-251. 
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The way most arrhythmia moni- 
toring systems work leaves a lot to 
be desired. By capturing and storing 
only arrhythmic events. important 
ECG information before 
and after the event is not 
available—forcing the 
Full-Disclosure clinician to make critical 
Arrhythm ia decisions based only upon 


isolated arrhythmias. 
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System which provides 
full-disclosure multiple- 
lead ECG, without the need for a 
separate Holter recording. 

This system collects data 
directly from SpaceLabs PCMS 
patient monitors via SpaceLabs 
Ethernet™ communications net- 
work and is fully compatible with 
SpaceLabs PCMS telemetry. 

By offering complete retrospec- 
tive data, full-disclosure arrhythmia 
Serves as a powerful tool designed to 
assist you in making more informed. 
confident diagnoses and treatment 
decisions. Risks due to partial or 
incomplete information are elimi- 
nated. If desired, full-disclosure of 
all monitored parameters, such as 
blood pressures, respiration and 
end tidal CO, can be provided to 
correlate arrhythmic events with 
other physiological effects. 

Why risk knowing anything less? 
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The only beta blocker 
as effective as quinidine 


.. Without quinidine complications. 


IN randomized, double-blind crossover studies,’? Sectral® (acebutolol HCI) 
was shown to be as effective as quinidine in reducing spontaneous 
premature ventricular contractions (PVCs), exercise-induced PVCs and 
complex PVCs* Unlike quinidine, Sectral? was not associated with drug- 
related gastric discomfort or diarrhea.'? Clinical experience in over 1,000 
patients yielded only a 4 percent incidence of diarrhea, constipation or 
flatulence. 


As the investigators commented: "The antiarrhythmic activity of (Sectral®), 
its ancillary Pharmacologic Properties, and its tolerance by a diverse 
group of patients make (Sectral®) a significant tool for the Clinician in the 
management of chronic arrhythmia.” 


Like other beta blockers, Sectral? is contraindicated in persistently severe 
bradycardia, second- and third-degree heart block, overt congestive 
heart failure and cardiogenic shock. 


Initiate Sectral® therapy with 200 mg b.i.d. Dosage can be increased 
gradually until optimal response is obtained, generally between 600 mg 
to 1200 mg per day. "ad 

Please see brief summary "n adjacent page. 
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CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Chronic oral toxicity 

studies in rats and mice, employing dose levels as high as 300 mg/kg/day, which is equivalent 

to 15 times the maximum recommended (60 kg) human dose, did not indicate a carcinogenic 

potential for SECTRAL (acebutolol HCl). Diacetolol, the major metabolite of SECTRAL in man, 
an tested at doses as high as 1800 mg/kg/day. 


SECTRAL and diacetolol were also shown to be devoid of mutagenic potential in the Ames 
ts at doses of up 


Test. SECTRAL, administered orally to two generations of male and female rats a 
to 240 mg/kg/day {equivalent to 12 times the maximum recommended therapeutic dose in (a 
tered to two generations of male and female rats at doses 
of up to 1000 mg/kg/day, had no significant impact on reproductive performance Or fertility. 
TERATOGENIC EFFECTS: Pregnancy Category B: Reproduction studies have been — 
performed with SECTRAL in rats and rabbits at doses of up to 60 mg/kg/day, the equivalent of 


5 times the maximum recommended therapeutic dose in (a 60 kg) man. Studies have also been 


erformed in these species with diacetolol (at doses of up to 450 mg/kg/day in rabbits and up 
to 1800 mg/kg/day in rats). Other than à significant elevation in postimplantation loss with 450 
mg/kg/day diacetolol, a level at which food consumption and body weight gain was reduced in 
rabbit dams and a non-statistically significant increase in incidence of bilateral cataract in rat 
fetuses from dams treated with 1800 mg/kg/day diacetolol, there was no evidence of harm to 
the fetus with either drug. There are no adequate and well-controlled trials in pregnant women 
in the U.S.; however, studies have shown that both acebutolol and diacetolol cross the placenta. 
Because animal teratology studies are not always predictive of the human response, SECTRAL 
should be used during pregnancy only if the potential benefit justifies the risk to the fetus. 
Labor and Delivery: The effect of SECTRAL on labor and delivery in pregnant women is 
unknown. Studies in animals have not shown any effect of SECTRAL on the usual course of 


labor and delivery. 
Nursing Mothers: Acebutolol and diacetolol also appear in breast milk with a milk:plasma ratio 


For uncomplicated control of PVCs. of 7.1 and 12.2, respectively. Use in nursing mothers is not recommended. 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. Most adverse 
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)NTRAINDICATIONS: SECTRAL is contraindicated in: 1) persistently severe bradycardia; recap hava aari maa a aie discontinuation of therapy, and tended to decrease as 
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ith B -blocking agents over a period of time may lead to cardiac failure. At the first signs of Cardiovascular 
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losely. If cardiac failure continues despite adequate digitalization and/or diuretic, SECTRAL Edema 2 2 4 1 i 
verapy should be withdrawn: Central Nervous System 
XACERBATION OF ISCHEMIC HEART DISEASE FOLLOWING ABRUPT WITHDRAWAL: Depression 2 1 3 1 
ollowing abrupt cessation of therapy with certain B-blocking agents in patients with coronary Dizziness 6 7 12 2 
irtery disease, exacerbation of angina pectoris and, in some cases, myocardial infarction and Fatigue 11 17 10 4 
leath have been reported. Therefore, such patients should be cautioned against interruption of Headache 6 9 13 4 
herapy without a physician's advice. Even in the absence of overt ischemic heart disease, when Insomnia 3 6 5 1 
fiscontinuation of SECTRAL is planned, the patient should be carefully observed, and should be Abnormal 
idvised to limit physical activity to a minimum while SECTRAL is gradually withdrawn over a dreams 2 3 0 1 
»eriod of about two weeks. (If therapy with an alternative B-blocker is desired, the patient may be Dermatologic 
ransferred directly to comparable doses of another agent without interruption of B-blocking Rash 2 2 4 1 
therapy). If an exacerbation of angina pectoris Occurs, anti-anginal therapy should be restarted Gastrointestinal 
immediately in full doses and the patient hospitalized until his condition stabilizes. Constipation 4 2 7 0 
PERIPHERAL VASCULAR DISEASE: Treatment with B-antagonists reduces cardiac output and Diarrhea 4 5 5 1 
can precipitate or aggravate the symptoms of arterial insufficiency in patients with peripheral or Dyspepsia 4 6 3 1 
mesenteric vascular disease. Caution should be exercised with such patients and they should be Flatulence 3 4 7 1 
observed closely for evidence of progression of arterial obstruction. Nausea 4 6 3 0 
BRONCHOSPASTIC DISEASES: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN Genitourinary 
GENERAL, NOT RECEIVE A 8-BLOCKER. Because of its relative B,-selectivity, however, low Micturition 3 1 9 <1 
doses of SECTRAL may be used with caution in patients with bronchospastic disease who do not (frequency) 
respond to, or who cannot tolerate, alternative treatment. Since B -selectivity is not absolute and Musculoskeletal 
is dose-dependent, the lowest possible dose of SECTRAL should be used initially, preferably in Arthralgia 2 1 3 2 
divided doses to avoid the higher plasma levels associated with the longer dose-interval. A Myalgia 2 1 4 0 
‘bronchodilator, such as a theophylline or a g stimulant, should be made available in advance Respirato 
with instructions concerning its use. Cough " i i » 0 
_ ANESTHESIA AND MAJOR SURGERY: The necessity, Or desirability, of withdrawal of a B- Dyspnea 4 4 2 
blocking therapy prior to major surgery is controversial. B -adrenergic receptor blockade impairs Rhinitis 2 1 4 «1 
the ability of the heart to respond to B -adrenergically mediated reflex stimuli. While this might be of Special Senses 
i benefit in preventing arrhythmic response, the risk of excessive myocardial depression during Abnormal Vision 2 2 3 0 
general anesthesia may be enhanced and difficulty in restarting and maintaining the heartbeat has 
been reported with beta-blockers. If treatment is continued, particular care should be taken when The following selected (potentially important) side effects were seen in up to 2% of 
) usin anesthetic agents which depress the myocardium, such as ether, cyclopropane and SECTRAL patients: Cardiovascular: hypotension, bradycardia, heart failure. Central Nervous 
trichlorethylene, and it is prudent to use the lowest possible dose of SECTRAL. SECTRAL, like System: anxiety, hyper/hypoesthesia, impotence. Dermatological: pruritus. Gastrointestinal: 
- other B -blockers, is a competitive inhibitor of g-receptor agonists and its effect on the heart can be vomiting, abdominal pain. Genitourinary: dysuria, nocturia. Musculoskeletal: back pain, joint 
reversed by cautious administration of such agents (e.g.. dobutamine or isoproterenol—see pain. Respiratory: pharyngitis, wheezing. Special Senses: conjunctivitis, dry eye, eye pain. 
- OVERDOSE). Manifestations of excessive vagal tone (e.g., profound bradycardia, hypotension) The incidence of drug-related adverse effects (volunteered and solicited) according to 
. may be corrected with atropine 1 to 3mgi.v. in divided doses. SECTRAL dose is shown below. (Data from 266 hypertensive patients treated for 3 months on 
J DIABETES AND HYPOGLYCEMIA: B -blockers may potentiate insulin-induced hypoglycemia and a constant dose.) 
mask some of its manifestations such as tachycardia; nowever, dizziness and sweating are usually üconstalitibMo) ee T E » 
not significantly affected. Diabetic patients should be warned of the possibility of masked 400 mg/ 800 mg/ 1200 mg/ 
1 hypoglycemia. day day day 
- THYROTOXICOSIS: B-adrenergic blockade may mask certain clinical signs (tachycardia) of Body System (N=132) (N=63) (N=71) 
hy perthyroidism. Abrupt withdrawal of B -blockade may precipitate a thyroid storm; therefore, Loss Am a at tee Ry S : 
. patients suspected of developing thyrotoxicosis from whom SECTRAL therapy is to be withdrawn Cardiovascular 5% 2% 1% 
. Should be monitored closely. Gastrointestinal 3% 3% 7% 
_ PRECAUTIONS: IMPAIRED RENAL OR HEPATIC FUNCTION: Studies on the effect of acebutolo! Musculoskeletal 2% 3% 4% 
Jin patients with renal insufficiency have not been performed in the U.S. Foreign published Central Nervous > 
-experience shows that acebutolol has been used successfully in chronic renal insufficiency. System 9% 13% 17% 
. Acebutolol is excreted through the G.I. tract, but the active metabolite, diacetolol, is eliminated Respiratory 1% 5% 6% 
. predominantly by the kidney. There is a linear relationship between renal clearance of diacetolol Skin. Vs 2% 1% 
| and creatinine clearance. Therefore, the daily dose of acebutolol should be reduced by 50% when Special Senses 2h 2% 6% 
the creatinine clearance is less than 50 mL/min and by 75% when it is less than 25 mL/min. Genitourinary 2% 3% 1% 
-. SECTRAL should be used cautiously in patients with impaired hepatic function. i E : 
-. SECTRAL has been used successfully and without problems in elderly patients in the U.S. POTENTIAL ADVERSE EFFECTS: In addition, certain adverse effects not listed above have 
- clinical trials without specific adjustment of dosage. However, elderly patients may require lower been reported with other B -blocking agents and should also be considered as potential adverse 
. maintenance doses because the bioavailability of both SECTRAL and its metabolite are effects of SECTRAL. 
- approximately doubled in this age group. Central Nervous System: Reversible mental depression progressing to catatonia (an acute 
~ CLINICAL LABORATORY FINDINGS: SECTRAL, like other B-blockers, has been associated with syndrome characterized by disorientation for time and place), short-term memory loss, 
. the development of antinuclear antibodies (ANA). In prospective clinical trials, patients receiving emotional lability, slightly clouded sensorium, and decreased performance 
- SECTRAL had a dose dependent increase in the development of positive ANA titers and the overall (neuropsychometrics). beris 
-. incidence was higher than that observed with propranolol. Symptoms (generally persistent Cardiovascular. Intensification of AV block (see CONTRAINDICATIONS). 
- arthralgias and myalgias) related to this laboratory abnormality were infrequent (less than 196 with ANF anes! $ rash, fever combined with aching and sore throat, laryngospasm, and 
i ress. 


both drugs). Symptoms and ANA titers were reversible upon discontinuation of treatment. 


_ INFORMATION FOR PATIENTS: Patients, especially those with evidence of coronary artery Hematologic: Agranulocytosis, non-thrombocytopenic, and thrombocytopenic purpura. 


Gastrointestinal: Mesenteric arterial thrombosis and ischemic colitis. 


. disease, should be warned against interruption or discontinuation of SECTRAL therapy without a 1 t 1 à 
physician's supervision. Although cardiac failure rarely occurs in properly selected patients, those Miscellaneous: Reversible alopecia and Peyronie's disease. The oculomucocutanegey 
. being treated with B -adrenergic blocking agents should be advised to consult a physician if they syndrome associated with the B-blocker practolo! has not been reported with SECTRAL during 
- develop signs or symptoms suggestive of impending CHF, or unexplained respiratory symptoms. investigational use and extensive foreign clinical experience. 
= Patients should also be warned of possible severe hypertensive reactions from concomitant use 
. of a-adrenergic stimulants such as the nasal decongestants commonly used in OTC cold Keep at room temperature. Approximately 25°C (77°F). 
1 preparations and nasal drops. *Gectral? is not indicated in ventricular tachycardia. 
. DRUG INTERACTIONS: Catecholamine-depleting drugs, such as reserpine, may have an 
x p Miss AS giren bh spen. agen. ruans treated with SECTRAL plus References 
catecholamine depletors $ ould, therefore, be observ closely for evidence of marked Shapi : Vari aneous exercise-i ventricul iasi 
- bradycardia or hypotension which may present as vertigo, synzope/pre-syncope, or ortho- cud panu kan taba Seb tear or iae pos toe dirige Tus 
. static changes in blood pressure without compensatory tachycardia. Exaggerated hypertensive 2 ae ey arena PAR: Comparison of acebutolol with Eocraniid uinidine and acebo: Results of th 
. responses have been reported from the combined use of B-adrenergic antagonists and a- multicenter arrh thmia ina. AO Heart J 1985;109:1198-1204 7 ee amid 
65 adrenergic stimulants, including those contained in proprietary cold remedies and vaso- ee y 
constrictive nasal drops. Patients receiving 8 -blockers should be warned of this potential WYETH-AYERST 
hazard. No significant interactions with digoxin, hydrochlorothiazide, hydralazine, V d 
sulfinpyrazone, oral contraceptives, tolbutamide or warfarin have been observed. "à LABORATORIES 
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Because body chemistry 
differs from person to 
person, we often need 

a choice of drugs to 
treat the same illness. 





You ve heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 


Take the case of two patients 
suffering from hypertension. 
Both under the care of the same 
physician, who prescribes the 
same medication for each. One 
patient responds to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects. 


To maintain the high standards 
of quality care, and because 
some drugs work better than 


No two are exactly alike. 


others on different people, it is 
essential to have this diversity, 


Americas research-based phar- 
maceutical companies are com- 
mitted to providing a wide 
range of drugs of the highest 
quality to serve the public. 
Why? Because the public is 
made up of different people 
requiring different treatment— 
even when they suffer from the 
same illness. 





Pharmaceutical 
anufacturers 
Association 


IF A NEW MEDICINE CAN HELP 
WE’RE WORKING ON IT. 
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Usefulness of Two-Dimensional 
Echocardiography for Immediate Detection of 
Myocardial Ischemia in the Emergency Room 


Cathinka H. Peels, MD, Cees A. Visser, MD, Albert J. Funke Kupper, MD, Frans C. Visser, MD, 
and Jan P. Roos, MD 


Inappropriate discharge from the emergency room 
of patients with acute chest pain may have serious 
consequences. Regional asynergy is one of the first 
signs of myocardial ischemia and can be detected 
with 2-dimensional echocardiography (2-DE). This 
study determines the value of 2-DE in the emergen- 
cy room for immediate detection of myocardial 
ischemia causing acute chest pain at the time the 
electrocardiogram was nondiagnostic. Forty-three 
patients (32 men and 11 women) with a normal or 
nondiagnostic electrocardiogram during acute chest 
pain were studied with 2-DE. Only patients without 
a previous myocardial infarction and without 
known coronary artery disease (CAD) were studied. 
The entire left ventricular wall was examined for 
presence of regional asynergy. Coronary angiogra- 
phy was performed within 3 weeks. Cardiac en- 
zyme levels were measured serially to establish or 
rule out an acute myocardial infarction. Sensitivity 
of 2-DE for detection of myocardial ischemia was 
88% (22 of 25), Specificity 78% (14 of 18), nega- 
tive predictive accuracy 82% (14 of 17) and posi- 
tive predictive accuracy 85% (22 of 26). Sensitivity 
of 2-DE for detection of acute myocardial infarction 
was 92% (12 of 13), specificity 53% (16 of 30) 
and negative predictive accuracy 94% (16 of 17), 
Thus, 2-DE during pain and a nondiagnostic elec- 
trocardiogram can readily identify patients with 
CAD in the emergency room, and it can accurately 
rule out an acute myocardial infarction. 

(Am J Cardiol 1990;65:687-691) 
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acute chest pain suspected to be caused by myo- 

cardial ischemia are usually admitted to coro- 
nary care units. However, only approximately 30% of 
the patients admitted are diagnosed as having acute 
myocardial infarction.! On the other hand, as much as 
8% of patients with acute chest pain are known to be 
inappropriately discharged from the emergency room. 
These are patients at risk for cardiac events and at a 
higher risk for sudden death than those who are admit- 
ted.^? Furthermore, in this cost-conscious era early and 
proper characterization of patients in whom the diagno- 
sis is uncertain is essential.^5 Identification of patients 
with ischemia-related chest pain in the emergency room 
is based on history,® electrocardiogram and cardiac en- 
zyme levels. When using the data first available to the 
emergency room physician (i.e., history and electrocar- 
diogram), 4 to 8% of these patients are incorrectly per- 
ceived as being at low risk and therefore sent home mis- 
takenly.^?" When the electrocardiogram during chest 
pain does not show signs of ischemia, the diagnostic pro- 
cess would be optimized by a more sensitive test. From 
experimental®-!° and echocardiographic studies during 
percutaneous transluminal coronary angioplasty! !.!? it is 
known that regional asynergy appears first, before elec- 
trocardiographic changes or pain. In addition, ischemia 
may occur without electrocardiographic changes, pain 
or voth. As regional asynergy is easily appreciated with 
2-dimensional echocardiography (2-DE), we hypothe- 
sized that it might be possible to predict absence or 
presence of coronary artery disease (CAD) by obtaining 
a 2-DE during acute chest pain in patients with a non- 
diagnostic electrocardiogram, and thus to identify pa- 
tients at risk for cardiac events. 


P atients presenting in the emergency room with 


METHODS 

Patients: The study group consisted of 43 patients 
(32 men, 11 women) with a mean age of 54 years 
(range 39 to 70 years) who came to our emergency 
room between December 1987 and November 1988 
with acute chest pain and with an electrocardiogram 
that did not show abnormalities diagnostic for myocar- 
dial ischemia. Patients were eligible for the study if the 
emergency room physician and a cardiologic resident 
considered the pain attributable to myocardial ischemia. 
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sible, before any medication was given—a 2-DE was 
made by means of a commercially available mechanical 
CAD by Angiography sector scanner (ADR 4000) with a 2.5-MHz transduc- 
ATE ruis ad CER EON er. With the patient in the left lateral decubitus posi- — — 
jii ail tion, multiple parasternal long- and short-axis views and | 
multiple apical views were used to study the entire left 


TABLE I Clinical Characteristics 


Mean age (+D) (yrs)* ventricle.!? The left ventricle was divided into 13 seg- 
win ae diu ments (Figure 1) and segmental wall motion was grad- 
Aakers ed on a 5-point scale, varying from —1 for hyperkinesia, 
«2005. to 0 for normokinesia, 1 for hypokinesia, 2 for akinesia 
CAD = coronary artery disease; SD = standard deviation. and 3 for dyskinesia.'* Presence of asynergy (hypokine- 





sia, akinesia, dyskinesia) in 21 segment was scored as 

Only patients without a previous myocardial infarction, abnormal. Echocardiograms were deemed adequate for 
assessed by history or electrocardiogram, and without analysis if 11 of 13 segments of the left ventricle could 
known CAD (previous percutaneous transluminal coro- be studied in detail either from the parasternal or apical 
nary angioplasty, aortocoronary bypass grafting or coro- views. If <11 segments were readable the patient was 
nary angiography) were studied because of potentially not admitted to the study. All images were stored on 
preexisting wall motion abnormalities and bias in judg- videotape for later analysis by 2 independent observers. 
ment of the history. Patients in whom an adequate 2- Enzyme determinations: Creatine phosphokinase 
DE could not be performed were not included. and creatine phosphokinase-MB isoenzyme levels were 
Echocardiography: When a patient eligible for the measured on admission and after 6 hours, and if elevat- 
study was seen in the emergency room—as soon as pos- ed, 2 times daily for the first 48 hours. An acute myo- 









13 segments 






hyper -1 akin 2 WMS: sum 4 1-13 
normo O dys 3 
hypo 1 





FIGURE 1. Schematic parasternal and apical views of the 13 segments of the left ventricular model. Wall motion score (WMS) is 
assessed by giving a number to each segment depending on the degree of asynergy. Hypokinesia — 1; akinesia — 2; dyskinesia 
= 3; normokinesia = 0; hyperkinesia = —1; 2C = 2-chamber view; 3C = 3-chamber view; 4C = 4-chamber view; LA = left atri- 
um; LV = left ventricle; RA = right atrium; RV = right ventricle. 
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cardial infarction was documented by an increase of the 
serum Creatine phosphokinase and creatine phosphoki- 
nase-MB isoenzyme level of greater than twice the nor- 
mal value and of >10% of the creatine phosphokinase 
enzyme level, respectively. 

Coronary angiography: Within 3 weeks after the at- 
tack of acute chest pain, selective coronary angiography 
in multiple projections was performed by the Judkins 
technique. A coronary stenosis was considered signifi- 
cant if the luminal diameter was narrowed >50% in any 
Projection. Multivessel CAD was defined as >50% lu- 
minal narrowing in >2 of the major epicardial coronary 
arteries. Two patients were excluded because of refusal 
of angiography, 1 with an acute myocardial infarction, 
l with and 1 without regional asynergy. 

Data analysis: All echocardiograms were analyzed 
by 2 independent observers for presence and degree of 
asynergy. The interobserver agreement was 93%, Dis- 
agreement was never decisive to qualify an echocardio- 
gram as normal or abnormal as a whole. The coronary 
angiogram was analyzed by an independent observer 
who was not aware of the echocardiographic findings. 

Statistical analysis: For testing the significance of 
data the chi-square analysis and Student ¢ test were 
used where appropriate. 


RESULTS 

Patient characteristics: There was no significant 
difference between the patients with and without CAD 
regarding smoking and regarding absence or presence of 
nondiagnostic electrocardiographic abnormalities dur- 
ing pain (Table I). There was a significant difference 
between mean age (p <0.05) and gender distribution (p 
<0.05) in the 2 groups; the mean age was lower and 
more women were present in the group of patients with- 
out CAD. 

Regional asynergy and coronary artery disease: In 
26 patients regional asynergy was found; 22 of them 








(85%) had CAD (Figure 2). Of the 4 patients without 
CAD who showed regional asynergy, 2 had cardiomy- 
opathy, 1 had left ventricular hypertrophy shown on 
echocardiography and 1 patient had a questionable 50% 
lesion of the left anterior descending branch that did not 
match our criteria for the presence of CAD. 

In 17 patients the 2-DE was normal and 14 of them 
(82%) did not have CAD. Three patients with CAD did 
not show regional asynergy during pain. All 3 had 1- 
vessel CAD of the left anterior descending branch. 
Thus, regional asynergy had a sensitivity of 88%, speci- 
ficity of 78%, positive predictive accuracy of 85% and 
negative predictive accuracy of 82% to predict absence 
or presence of CAD. The differences were significant (p 
«0.001 ). 

Regional asynergy and acute myocardial infarction: 
Of the 26 patients with regional asynergy during pain, 
12 had an acute myocardial infarction. Of the 14 pa- 
tients with regional asynergy but without acute myocar- 
dial infarction 11 had CAD. Sixteen of the 17 patients 
without regional asynergy did not develop an acute 
myocardial infarction and 14 did not have CAD. Sensi- 
tivity of regional asynergy to detect acute myocardial 
infarction was 92%, specificity 53%, negative predictive 
accuracy 94% and the positive predictive accuracy 46%, 

Regional asynergy and site and extent of coronary 
artery disease: CAD was present in 25 patients (Figure 
3). Eight patients had 1-vessel CAD, 12 had 2-vessel 
CAD and 5 had 3-vessel CAD. No significant differ- 
ence was found between the incidence of l-, 2- and 3- 
vessel CAD, respectively. The right coronary artery was 
significantly less often involved, as were the left circum- 
flex or left anterior descending branches, 11 of 25 
(44%) compared with 15 of 25 (60%) and 21 of 25 
(84%), respectively. 

All 3 patients without regional asynergy during pain 
but with CAD had 1-vessel CAD. All 17 patients with 
multivessel CAD did show regional asynergy during 
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FIGURE 2. Echocardiographic still-frames, end-systole (eff) and end-diastole (right) and electrocardiogram of a 53-year-old 


man with acute chest pain. These apical long-axis views were recorded at the 


abnormal contour of the apical and apicoseptal region of the left ventricle at the end of systole indicates asynergy (+). In con- 


trast the 12-lead electrocardiogram is nondiagnostic. 
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pain. When regional asynergy was found the presence 
of multivessel CAD was significantly more frequent 
(chi-square = 7.2, p <0.01). A significant distinction 
could also be made between patients with 1-vessel CAD 
and those without CAD by looking at regional asynergy 


during pain (chi-square — 0, p <0.05). The extent of 
asynergy Was considered in relation to the extent of 
CAD. Anteroposterior asynergy Was found in 6 pa- 
tients, 3 of whom had 3-vessel CAD compared to 1 of 
11 patients with only anterior asynergy and 1 of 9 pa- 
tients with only posterior asynergy, à significant differ- 


ence (p <0.05). Another patient with anteroposterior 
asynergy had 2-vessel CAD. 


DISCUSSION 

Since the experiments of Tennant and Wiggers in 
1935!5 various techniques have been used to study both 
ischemic and nonischemic myocardium, including 2- 
DE.2?0.6-19 From 2-DE studies during percutaneous 
transluminal coronary angioplasty! ^? we know that 
asynergy is one of the very early signs to appear in myo- 
cardial ischemia, before electrocardiographic changes or 
pain, if they occur at all. Thus, when other objective 
signs of myocardial ischemia are lacking, looking for 
regional asynergy seems to be a rational diagnostic ap- 
proach. Two-DE is a noninvasive, bedside, easily appli- 
cable technique that can visualize the entire left ventri- 
cle, its wall motion and thickening in most patients.! 6." 
Our data show a high sensitivity and specificity of this 
approach to detect CAD in our group of emergency 
room patients. Three patients with CAD did not show 
regional asynergy during pain; all 3 had 1-vessel CAD 
of the left anterior descending branch. In 2 of these 3 
patients only 11 of 13 segments were visualized, sug- 
gesting that if all segments could have been visualized 


Y 
Asynergy a no asynergy 


No of pts 


FIGURE 3. Asynergy during pain and the extent of coronary 
artery disease. 1VD = 1-vessel disease; MVD = multivessel 
disease. The numbers above the columns represent numbers 
of patients. 
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adequately, sensitivity might have been higher (espe- 
cially because segment 7, which is supplied by the left 
anterior descending artery, was not visualized in both). 

Regional asynergy and acute myocardial infarction: 
Acute myocardial infarction causes asynergy of the in- 
volved myocardium. This can be detected accurately 
with 2-DE.!6-? Our data were compatible with these 
findings: 12 of 13 patients with acute myocardial infarc- 
tion were detected by the presence of regional asynergy 
at the time the electrocardiogram was normal or non- 
diagnostic. Moreover, when asynergy was absent it 
was unlikely that an acute myocardial infarction was 
missed. When asynergy was present, however, distinc- 
tion between acute myocardial infarction and presence 
of CAD without infarction could not be made on this 
finding alone. Thus, to establish acute myocardial in- 
farction, the presence of regional asynergy was a finding 
not specific but very sensitive. 

Our data add to previous findings indicating that the 
electrocardiogram cannot be used to exclude acute myo- 
cardial infarction.22° On the contrary, when asynergy is 
absent on a 2-DE during pain it seems justified to trans- 
mit the patient to a low-care bed to await the second 
enzyme determinations, thus preventing unnecessary 
admission to the coronary care unit. When these values 
exclude acute myocardial infarction the patient can be 
sent home safely. 

Regional asynergy and the site and extent of coro- 
nary artery disease: All patients with multivessel dis- 
ease showed regional asynergy during pain; however, 3 
of 8 patients with 1-vessel CAD had a normal 2-DE. As 
mentioned, loss of 2 segments for analysis in 2 of 3 of 
these patients seems the only plausible explanation giv- 
en by our data. In our study an extensive region of asyn- 
ergy, as described by anteroposterior involvement of the 
left ventricular wall, was indicative for presence of 3- 
vessel CAD. This finding is in keeping with studies cor- 
relating asynergy outside the infarcted zone (i.e., remote 
asynergy with multivessel disease). ^ 2^? 

All 3 major epicardial coronary arteries were in- 
volved in our group of patients. In a recent study Huey 
et al? found significantly more often an absence of ST- 
segment changes on admission in patients with acute 
myocardial infarction due to an occlusion of the left an- 
terior descending branch or right coronary artery, 38 
versus 20 and 21%, respectively. Probably because we 
studied a quite different group of patients, we found a 
different involvement of coronary arteries. A stenosis in 
the right coronary artery was significantly less often 
present compared to involvement of the other 2 major 
coronary arteries. To the best of our knowledge this is 
the first study to report on coronary anatomy in patients 
with unstable angina or acute myocardial infarction and 
a normal or nondiagnostic electrocardiogram. 

The present study indicates that immediate detec- 
tion of CAD in the emergency room is possible when 2- 
DE is applied during chest pain suspected to be caused 
by myocardial ischemia but not accompanied by elec- 
trocardiographic changes. This approach helps to maxi- 
mize the management of these patients. 


Lu | 
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Influence of Myocardial Infarction Size 
on Radionuclide and Doppler Echocardiographic 
Measurements of Diastolic Function 


Karl-Arne Johannessen, MD, Manuel D. Cerqueira, MD, and John R. Stratton, MD 


To assess the relation between myocardial infarc- 


tion size and diastolic function as measured by 
radionuclide ventriculography and Doppler echo- 
cardiography, 83 patients (aged 58 + 9 years) 
without significant valvular disease were studied 8 
to 12 weeks after an acute myocardial infarction. 
Myocardial infarction size was measured by resting 
thallium-201 tomography. Peak early filling rate (in 
end-diastolic volumes/s) was measured by gated 
blood pool scintigraphy. Doppler measures of mi- 
tral inflow were peak early (E) and atrial (A) filling 
velocities, slopes of E and A, percent E and A fill- 
ing, E/A ratio and diastolic filling period. 

In univariate analyses, there was a significant 
inverse correlation between infarction size and the 
peak early filling rate (r = —0.59, p <0.001), and 
this remained significant (r = —0.63, p <0.0001) in 
an analysis that included 2 other determinants of 
the filling rate, age and diastolic filling period. 
Infarction size was directly correlated to the peak E 
velocity (r = 0.37, p <0.01), deceleration of E (r = 
0.41, p <0.01) and percent E filling (r = 0.31, p 
«0.01), and was inversely correlated to peak A (r = 
—0.27, p «0.05) and percent A filling (r - —0.26, p 
« 0.05). The correlation of myocardial infarction 
size with the E/A ratio was r = 0.43 (p <0.01) and 
remained significant in a multivariate analysis that 
included age and diastolic filling period (r — 0.53, p 
« 0.001). 

Thus, a larger myocardial infarction size was 
associated with a reduced peak early filling rate by 
radionuclide angiography, a higher peak E and a 
lower peak A velocity, and an increased E/A ratio 
by Doppler. In addition to the other variables 
known to influence diastolic measurements, these 
results suggest that myocardial infarction size de- 
termines, in part, diastolic function as assessed by 
either radionuclide or Doppler techniques. 

(Am J Cardiol 1990;65:692-697) 
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yocardial infarction decreases global and 
M regional systolic function, and the magnitude of 

infarction is related to the severity of the sys- 
tolic dysfunction.! Less is known regarding its impact 
on diastole. Although diastolic function, as assessed by a 
variety of techniques, has been noted to be abnormal in 
some patients with stable angina?? as well as during 
acute ischemia,? ? there are little data regarding the ef- 
fects of myocardial infarction on diastolic function. One 
recent animal study that measured functional stiffness 
noted that the effects of acute ischemia or acute infarc- 
tion differed from the effects of remote infarction.!? To 
date, no studies have assessed the quantitative relation 
between the magnitude of a prior myocardial infarction 
and diastolic function in humans. 

Among the noninvasive methods used to measure 
diastolic function, radionuclide angiographic assessment 
of filling rates and Doppler echocardiographic measure- 
ment of left ventricular inflow velocities have been the 
most widely reported,!!-!? and both measures are influ- 
enced by heart rate and normal aging.'*-'’ Therefore, 
heart rate and age must be considered when interpret- 
ing these measurements. 

We quantitatively assessed the relation between 
myocardial infarction size, measured by resting quanti- 
tative thallium-201 tomography, and noninvasive mea- 
sures of diastolic function obtained by radionuclide an- 
giography and Doppler echocardiography in patients 
with myocardial infarction 8 to 12 weeks previously. 


METHODS 

Patients: One hundred patients aged 38 to 75 years 
(58 + 9, mean + standard deviation) were studied pro- 
spectively with pulsed Doppler echocardiography, gated 
blood pool scintigraphy and resting tomographic thalli- 
um-201 imaging 8 to 12 weeks after an acute myocardi- 
al infarction. All 3 studies were done on the same day 
after an overnight fast. In all patients, myocardial in- 
farction was confirmed by diagnostic electrocardio- 
graphic changes and transient creatine phosphokinase 
enzyme elevations that were greater than twice the nor- 
mal limit. All subjects had received tissue plasminogen 
activator within 6 hours of onset of myocardial infarc- 
tion. Seventeen patients were excluded: 1 because of 
persistent bigeminy, 2 because of technically poor 
Doppler quality, and 14 due to significant aortic or mi- 
tral valve disease by Doppler. Therefore, we report on 
83 patients (67 men, 16 women). Seventy patients had 
had a single prior infarction while 13 had a history of 
>l prior infarctions. Two of the 83 patients had no de- 
tectable abnormalities on thallium-201 tomography but 


- 









had transient creatine kinase elevations during the acute 
event and persistent electrocardiographic changes show- 
ing an anterior and inferior wall myocardial infarction, 
respectively. By electrocardiography, 35 of the patients 
had anterior or lateral wall infarctions and 58 had infe- 
rior infarctions. Ten patients had electrocardiographic 
evidence of infarction in >1 area. 

All patients were clinically stable at the time of the 
study. Twenty-five patients were receiving calcium an- 
tagonists, 13 patients 8 blockers and 3 patients digoxin. 
Fourteen patients had undergone previous coronary an- 
gioplasty and 19 had undergone coronary artery bypass 
grafting. 

Infarction size by resting thallium-201 tomogra- 
phy: Two mCi of thallium-201 was injected intrave- 
nously with the patient at rest. Imaging was started 15 
minutes later using a rotating, wide field of view gam- 
ma camera (GE 400-T) with an all-purpose collimator. 
Image collection, reconstruction and quantitation of 
perfusion defects (expressed as percent of the total left 
ventricular volume) were performed as previously de- 
scribed.'* Following reconstruction into 6-mm thick 
slices, the entire 3-dimensional volume of the left ventri- 
cle was quantitated slice by slice. Maximal count activi- 
ty for each short-axis slice was measured in each of 32 
equally spaced vectors projected from the center of the 
slice. The number of counts from each slice was normal- 
ized to the maximal counts per pixel per sector for the 
entire heart. For each slice, all pixels with maximal 
counts >3 standard deviations below the mean from a 
series of healthy young normal subjects were identified 
as abnormal perfusion defects. When summed, the vol- 
ume defect was expressed as a percent of the total vol- 
ume of the left ventricle and used as the measure of 
infarct size. In animal models, this measure has corre- 
lated closely to the actual perfusion deficit size mea- 
sured by well counting techniques in our laboratory.!* 

Gated blood pool scintigraphy: Red blood cells were 
labeled with 20 mCi of technetium-99m. All studies 
were acquired for 15 million counts in the left anterior 
oblique view using dynamic arrhythmia filtration with a 
zoom factor of 1.6. During acquisition, each beat was 
reformatted into 20-ms frames using forward and back- 
ward reconstruction with + 5% arrhythmia rejection, 
and a single beat was dropped after each rejected beat. 
The 20-ms frames were filtered in Space and time and 
nonlinear background subtraction was used to isolate 
the left ventricle. For each frame the left ventricular 
region was defined by an automated region of interest 
program using a 30% threshold. Each frame was visual- 
ly inspected and manually modified if overlap of adja- 
cent structures was noted. The variable regions generat- 
ed for each frame were applied to the raw data and a 
time activity curve was generated. The curve was fitted 
to a Fourier series with 4 harmonics. The first derivative 
of the fitted curve was used to define the peak early 
filling rate (expressed in end-diastolic volumes/s). Peak 
early filling was clearly separated from atrial filling in 
all subjects. The ejection fraction was calculated from 
the raw data curves using conventional methods. 

Doppler echocardiography and analysis: Patients 
were studied in the left lateral recumbent position using 


either an ATL Ultramark 8 or a Hewlett Packard 
(model 77020A) system. Pulsed Doppler recordings 
were started after 10 minutes of supine rest using the 
apical window and visual and auditory guidance. Veloc- 
ities from just below the mitral anulus were obtained as 
previously described!? and recorded at a 100 mm/s pa- 
per speed. Care was taken to obtain the smallest possi- 
ble angle between the cursor and the assumed blood 
flow direction at the sampling site. Using a digitizing 
tablet, the Doppler curves were traced at the darkest 
(modal) portion of the spectral outputs, and measures 
from 5 beats were averaged. The cycles having the best 
spectral envelopes for both early and atrial filling veloci- 
ties were chosen, avoiding pre- or postectopic beats. The 
diastolic flow period was measured from onset to end of 
mitral flow. In patients with no well-defined diastasis 
between the early and late diastolic filling velocities, the 
end of early and the onset of atrial filling were defined 
as the onset of the first increase in the flow velocity 
after the plateau or downslope after the early peak. 

The following measures were obtained: (1) peak ear- 
ly (E) and atrial (A) filling velocities (in m/s); (2) ac- 
celeration and deceleration of these velocities (in m/s?) 
(AccE, AccA, DecE, DecA); (3) the duration of E and 
A (in ms) (DurE, DurA); (4) the ratio of early and 
atrial peaks (E/A ratio); (5) diastolic filling period 
(DFP) (in ms); (6) diastolic time integral (in m) (DTI); 
(7) RR interval (in ms); and (8) the percentage of early 
(%E) and atrial (96A) filling calculated as the fraction 
of the area under the E and A curves and the DTI. In 
addition, to normalize for variations in the heart rate, 
the E/A ratio was divided by the DFP (E/A/DFP) 
since we have demonstrated that this normalization 
cancels heart rate-induced changes in normal subjects 
whose heart rate is increased with atropine (unpub- 
lished data). 

All Doppler and radionuclide measurements were 
done by investigators blinded to all clinical information 
including infarction size. Intraobserver variability of 
Doppler analyses was determined by repeat analysis of 
all studies 1 month apart. The mean intraobserver vari- 
ability was 6 + 3% (range 2 to 14) for velocity measure- 
ments and 7 + 4% (range 0 to 11) for time intervals. 

Statistical analysis: Results are expressed as mean 
+ standard deviation. Relations between the measured 
variables were first analyzed using a simple linear re- 
gression analysis. Subsequently, in an attempt to eluci- 
date the independent effects of infarction size across dif- 
ferent ages and heart rates, forward and backward step- 
wise multiple regression and partial regression analyses 
were used to analyze correlations and covariability be- 
tween the diastolic measures that had shown a signifi- 
cant correlation to myocardial infarction size in univar- 
iate analyses. A p value of «0.05 was considered signifi- 
cant. 


RESULTS 

Patient characteristics: The mean thallium-201 in- 
farction size was 13 + 11%, the mean radionuclide ejec- 
tion fraction was 56 + 14%, the mean radionuclide peak 
early filling rate was 2.28 + 0.71 end-diastolic volumes / 
S, the mean Doppler early and atrial filling velocities 
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TABLE I Univariate Linear Correlation Coefficients Between 
Myocardial Infarction Size and Diastolic Measures 


Peak early filling rate 
Peak E 
Percent E filling 0.31' 0.42* —0.22* 
AccE 0.09 —0.39* 0.25! 
Deck 0.41* 0.03 0.34! 
Peak A —0.27! —0.36* 0.35! 
Percent A filling 0.09 0.221 





* p «0.001; ! p <0.01; t p «0.05. 

A = peak atrial filling velocity; AccA and DecA = acceleration and deceleration of 
atrial peak filling velocity; AccE and DecE = acceleration and deceleration of early 
peak filling velocity; A area = time integral under A curve; DFP = diastolic filling period; 
E/A = ratio of peak early and peak atrial filling velocities; E area = time integral under 
E curve; E = peak early filling ve 


were 0.56 + 0.11 m/s and 0.50 + 0.14 m/s and the 
mean E/A ratio was 1.22 + 0.53. The mean RR inter- 
vals on radionuclide and Doppler studies were 996 + 
110 ms and 990 + 115 ms, respectively, and the correla- 
tion between these 2 measurements was T — 0.82 (p 
«0.0001 ). 

Univariate correlations of infarction size and dia- 
stolic variables: In univariate analyses, infarction size 
was inversely correlated to the radionuclide peak early 
filling rate (r = —0.59, p <0.0001) (Figure 1, Table I). 
The peak early filling rate was also significantly corre- 
lated to the ejection fraction (r = 0.57), but not to age 
(r = 0.07) or to the diastolic filling period (r = —0.18). 

Infarction size was directly correlated to the Doppler 
peak early filling velocity (E) (r = 0.37, p « 0.01), per- 
cent E filling (r = 0.31, p <0.01) and to the decelera- 
tion of E (r = 0.41, p <0.001). Infarction size was in- 
versely related to atrial filling velocity (A) (r = —0.27, 
p <0.05) and percent A filling (r = —0.26, p <0.05). 
Infarction size was also correlated to the E/A ratio (r = 
0.43, p <0.001) and to the E/A ratio normalized for 
the diastolic filling period (E/A/DFP) (r = 0.53, p 
<0.001). In univariate analyses, infarction size was not 
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correlated to acceleration of early filling or acceleration 
or deceleration of atrial filling. 

The E/A ratio was also significantly correlated to 
the ejection fraction (r = —0.47, p <0.001), age (r = 
—0.43, p <0.001) and diastolic filling period (r = 0.28, 
p <0.01). 

Multiple regression analyses: In multiple regression 
analyses, the correlation between infarction size and the 
diastolic variables remained strong (Table II). The ef- 
fect of infarction size on the peak filling rate, the E/A 
ratio, the E peak and the E deceleration appeared 
greater than the effects of increasing age or a shorter 
filling period. Of note, while increasing age or a shorter 
diastolic filling period was associated with a reduction 
in the E/A ratio, a larger infarction size was associated 
with an increase in the E/A ratio. 

Both the radionuclide peak filling rate and the 
Doppler E/A ratio were also significantly correlated to 
infarction size independent of the ejection fraction in 
multivariate analyses. When the RR interval was sub- 
stituted for the diastolic filling period in multivariate 
analyses, the relations between infarction size and the 
diastolic measures remained essentially the same. Fur- 
thermore, the relations between infarction size and the 
diastolic measures were not different if 14 patients who 
had undergone prior angioplasty or 19 patients who had 
coronary bypass grafting were excluded. The relations 
between myocardial infarction size and diastolic mea- 
sures were also independent of infarct location, history 
of >1 infarction or use of 8 blockers (n = 13) or calci- 
um antagonists (n = 25). 


DISCUSSION 

We quantitatively assessed the relation between the 
size of a prior myocardial infarction and multiple mea- 
surements of diastolic function. Doppler and radionu- 
clide diastolic measurements, although interrelated, as- 
sess different aspects of diastolic function. The peak 
early filling rate reflects volume changes in the left ven- 
tricle during filling normalized by end-diastolic volume, 
while the Doppler measures of velocity reflect primarily 
the pressure differences between the left atrium and left 


FIGURE 1. The radionuclide peak early 
filling rate (PFR) (in end-diastolc volumes/ 
s) was inversely correlated to the tomo- 
graphic thallium-201 myocardial infarc- 
tion (MI) size (r = —0.59, p <0.001). Ina 
multivariate analysis that included both 
age and the diastolic filling period, the 
correlation remained highly significant 

(r = —0.63, p «0.0001). 
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ventricle at different points in diastole. In the current 
study, infarction size was significantly correlated with 
both the radionuclide and Doppler measures. Increasing 
myocardial infarction size was associated with a de- 
crease in the peak early filling rate assessed by radionu- 
clide angiography and increases in peak early filling ve- 
locity, E deceleration and the E/A ratio measured with 
Doppler echocardiography. This study confirms the pre- 
viously demonstrated correlation of heart rate to Dopp- 
ler measures of diastolic function, and documents that 
multiple factors frequently occurring in the same pa- 
tient may have contrasting effects on several diastolic 
measures. 

Relation between infarction size and radionuclide 
peak early filling rate: There was a highly significant 
and inverse correlation between myocardial infarction 
size and peak early filling rate, which was independent 
of patient age, heart rate and diastolic filling period. 
This suggests that infarction size may be an important 
and independent determinant of radionuclide measures 
of diastolic function. This finding agrees with and ex- 
tends previous reports in patients with ischemic heart 
disease; a reduction in the peak early filling rate has 
been reported both at rest and during exercise in pa- 
tients with coronary artery disease.^?*?.!2.!5 The reduc- 
tion in peak early filling rate is probably due in part to 
prolonged myocardial relaxation, which occurs with 
ischemia.!?7° 

Infarction size and Doppler measures of diastolic 
function: Multiple factors in addition to infarction 
size may influence Doppler-derived diastolic measure- 
ments.2! Several prior studies, mostly in normal sub- 
jects, have noted the effects of age and heart rate on the 
E/A ratio.'+'7 Our results in a population of patients 
with prior documented infarction further confirm these 
relations. In the current study, the E/A ratio was in- 
versely correlated to both patient age (r = —0.43, p 
<0.01) and directly correlated to the diastolic filling pe- 
riod (r = 0.28, p <0.05) in univariate analyses. Despite 
the importance of these previously defined influences on 
the E/A ratio, in multivariate analysis infarction size 
was significantly correlated to the E/A ratio indepen- 
dent of these factors (r = 0.53, p <0.001). The effect of 
infarction size on Doppler measures therefore appeared 
to be at least as great as the effects of heart rate, dia- 
stolic filling period and age. Thus, myocardial infarction 
size appears to be an independent and important deter- 
minant of diastolic function as assessed by Doppler 
echocardiography. 

The present findings suggest that a larger size is as- 
sociated with an increase in the E/A ratio caused by 
both an increase in E and a decrease in A. This effect of 
myocardial infarction size on the E/A ratio contrasts 
with the effects of aging!^! and acute ischemia,*’ 
both of which lead to a reduction in the E/A ratio. 
Since a decrease in the E/A ratio is frequently consid- 
ered abnormal, the increase that occurs with increasing 
myocardial infarction size causes a *pseudonormaliza- 
tion". Thus, Doppler measurements must be carefully 
interpreted in patients with a prior myocardial infarc- 
tion, since it may conceal the effects of aging, acute 





TABLE ll Multivariate Correlation Coefficients Between 
Diastolic Function Measurements and Myocardial Infarction 


Size, Diastolic Filling Period and Age 


E/A 


Ratio E Peak E Decel A Peak 


—0.63* 
DFP —0.31'! 0.31! 
Age —0.05 —0.211 


* p «0.001; ! p «0.01; * p «0.05. 
Abbreviations as in Table |. 


0.53* 0.42* 
0.10 


—0.28! 


MI size 0.45* 
0.09 


—0.39* 


—0.24* 
—0.30! 
0.37* 


ischemia or heart rate increases. Klein et al^? have also 
noted “pseudonormalization” of Doppler measures of 
diastolic function in patients with advanced amyloidosis. 

The increase in the E/A ratio associated with in- 
creasing myocardial infarction size does not imply nor- 
mal filling in these patients. It may, however, indicate 
that diastolic filling is partly maintained at the expense 
of a substantial increase in the left atrial pressure. Re- 
cent data in both animals and humans???^ suggest that 
increases in left atrial pressure are associated with an 
increase in E velocity and E/A ratio. Thus, the link be- 
tween infarction size and the E/A ratio may be due to 
the fact that larger myocardial infarctions are associ- 
ated with higher left atrial pressures, hence causing 
higher E velocities and E/A ratios. 

Contrasting effect of infarction size on peak filling 
rate and peak early filling velocity: Infarction size was 
inversely related to the radionuclide peak early filling 
rate but positively correlated to peak early filling veloci- 
ty. This apparent contrasting effect of myocardial in- 
farction size on 2 measures of early diastolic function 
may have several explanations. 

Both the radionuclide peak filling rate and the 
Doppler peak flow velocities are load-dependent.??-?5 
However, radionuclide peak early filling rate is normal- 
ized for end-diastolic volume whereas the Doppler mea- 
sures are not. Thus, the increase in end-diastolic volume 
that occurs with increasing myocardial infarction size 
may reduce the peak early filling rate but not the Dopp- 
ler measurements. The peak early filling rate assesses 
volume flow per second normalized to the end-diastolic 
volume, while the Doppler technique measures the ve- 
locity of flow per unit time. With increased mitral valve 
anulus orifice size due to left ventricular dilatation, 
the Doppler flow velocity may change independent of 
changes in actual peak flow volume, which is a product 
of the mitral valve orifice and the flow velocity. Since 
we already had a measure of the filling rate by radionu- 
clide techniques, we did not attempt to convert Doppler 
velocities to filling rates, which would have required an 
estimation of mitral valve area. 

A recent study reported a limited correlation be- 
tween radionuclide peak filling rate and the Doppler 
measures of diastole.2® Thus, although peak filling rate, 
peak E and E/A ratio all reflect events from early dias- 
tole, they are physiologically different measures. 

Limitations: The noninvasive measurement of dia- 
stolic function is an inexact science, and there is no con- 
sensus on optimal methods. Diastolic function is a com- 
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plex sequence of interrelated events, and there is no 
currently available method that completely assesses dia- 
stolic function, including invasive techniques. Due in 
part to the complexity of diastolic events, there is no 
"gold standard" to assess the validity of noninvasive 
measures. Several investigators, however, have noted a 
fair correspondence between noninvasive and invasive 
measurements.!!.2*2^ We chose the 2 most widely used 
noninvasive methods, which reflect early diastolic vol- 
ume changes (radionuclide angiography) and pressure 
differences between the left atrium and left ventricle 
throughout diastole (Doppler echocardiography). 

Several variables that influence diastolic function 
measures could not be controlled as part of this study. 
Aging itself, in the absence of disease, affects diastolic 
measurements, and this study included patients aged 38 
to 75 years. Similarly, heart rate and diastolic filling 
period varied over a wide range, and both of these vari- 
ables affect measurements of diastolic function. Never- 
theless, in multivariate analyses that incorporated these 
variables, myocardial infarction size retained a signifi- 
cant relation to both radionuclide and Doppler diastolic 
measurements. Ventricular hypertrophy influences dia- 
stolic function; this variable could not be controlled. 
Medications, in particular calcium antagonists and 6 
blockers, were not controlled. However, exclusion of pa- 
tients receiving these agents did not alter the overall re- 
lations between myocardial infarction size and diastolic 
function. Active ischemia influences diastole, but none 
of the subjects had symptomatic evidence of ischemia 
during their studies, which were conducted at rest. Si- 
lent ischemia cannot be excluded. Revascularization 
with angioplasty or bypass surgery could potentially af- 
fect diastolic function. However, exclusion of these pa- 
tients also did not alter the findings. 

Doppler measurements vary with the sampling 
site. However, it is unlikely that the overall relation 
between the Doppler measurements and myocardial in- 
farction size would have been affected to any significant 
extent. By carefully choosing the sampling site with the 
best spectral output, the variability and errors in modal 
velocity measurements were probably minimized. 

The current data were obtained in angina-free pa- 
tients 8 to 12 weeks after an acute myocardial infarc- 
tion. They thus reflect a time when most infarct healing 
has been completed. It is possible that the findings 
would have been somewhat different at an earlier or 
later time. Previous reports have described different dia- 
stolic findings depending on the timing after the acute 
event.'°°° Our study has the advantage of having stud- 
ied subjects at a relatively uniform time point. 

In conclusion, the present study documents a signifi- 
cant influence of myocardial infarction size on both ra- 
dionuclide and Doppler measures of diastolic function. 
Increasing infarction size appears to reduce the radionu- 
clide peak early filling rate. The effect of myocardial 
infarction size on early and atrial Doppler filling veloci- 
ties, as well as the commonly used E/A ratio, is a 
"pseudonormalization," which contrasts with the previ- 
ously reported effects of aging, heart rate and acute 
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ischemia. Thus, careful interpretation of diastolic mea- 
surements is necessary when these factors are present in 
the same patient. The multivariate analyses strongly 
suggest that the impact of myocardial infarction size is 
equal to or exceeds the influence of age or heart rate on 
noninvasive measurements of diastolic function. 
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Usefulness of Angioplasty During Acute 
Myocardial Infarction in Patients with Prior 
Coronary Artery Bypass Grafting 
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The efficacy and risk of reperfusion strategies for 
myocardial infarction in patients with prior coro- 
nary artery bypass surgery are uncertain. In this 
study 72 patients with prior bypass grafting under- 
went direct percutaneous transluminal coronary an- 
gioplasty without antecedent thrombolytic therapy. 
There were 26 anterior and 46 inferior infarctions, 
including 11 patients (1596) in cardiogenic shock. 
The baseline ejection fraction was <40% in 47 
(65%) patients. Angioplasty was successful in 41 
of 48 (85%) vein grafts and 24 of 24 ( 100%) 
arteries (difference not significant) at 5.1 + 4.0 
hours from the onset of symptoms (79% treated 
<6 hours). There were no urgent bypass opera- 
tions, strokes or transfusions. in-hospital survival 
was 90% (nonshock 95% vs shock 64%, p «0.01). 
Symptomatic acute reclosure occurred in 1 patient. 
Predischarge coronary arteriography in 34 patients 
demonstrated continued vessel patency in 32 in- 
farct vessels (94%), although 5 of these vessels 
were redilated for restenoses. Predischarge paired 
ventriculography in 26 patients showed an increase 
in ejection fraction from 44 + 16% to 51 + 18% (p 
«0.01). One- and 3-year actuarial survival was 89 
and 8776. Thus, prior coronary surgery should not 
preclude reperfusion therapy by direct angioplasty, 
which can be accomplished with low procedural 
risk, improvements in ventricular function and ex- 
cellent in-hospital and late survival. 
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atients with prior coronary artery bypass graft- 
P ing (CABG) represent a substantial percentage of 

the total population of patients with acute myo- 
cardial infarction.! Natural history studies after conser- 
vative therapy of acute myocardial infarction demon- 
strate that in-hospital complications, mortality and 
long-term outcomes are similar in patients with and 
without prior CABG.? Although large randomized stud- 
ies of acute myocardial infarction have demonstrated 
that early reperfusion limits infarct size and decreases 
mortality,^^ patients with prior CABG have been ex- 
cluded from virtually all thrombolytic trials. Therefore, 
the optimal management of these patients is uncertain. 
Since 1981, our approach for patients with acute myo- 
cardial infarction has been immediate coronary arteri- 
ography and direct balloon angioplasty without prior 
thrombolytic therapy.? This report describes the short- 
and long-term outcome in patients with prior CABG 
treated with direct balloon angioplasty for evolving 
acute myocardial infarction. 





METHODS 

Study patients: From March 1981 to April 1989, 
direct balloon angioplasty was performed in 614 pa- 
tients with acute myocardial infarction. Seventy-two 
patients (12%) had had CABG. Patients were included 
if they presented with chest pain consistent with ongo- 
ing myocardial ischemia persisting >30 minutes, and 
=1 mm of ST-segment elevation in >2 contiguous elec- 
trocardiographic leads. Patients were excluded from this 
study for the following reasons: treatment with a throm- 
bolytic agent for the infarction in progress, acute coro- 
nary occlusion after elective angioplasty and presenta- 
tion to the emergency room >6 hours after the onset of 
chest pain without clinical or electrocardiographic evi- 
dence of ongoing ischemia. Patients with “stuttering” 
ischemia presenting >6 but <24 hours after pain onset 
were included. No patient was excluded from balloon 
angioplasty because of age, cardiogenic shock or bleed- 
ing diatheses. Cardiogenic shock was defined as a Sys- 
tolic blood pressure <80 mm Hg with clinical evidence 
of systemic hypoperfusion. Data were collected prospec- 
tively and entered into a computerized database for sub- 
sequent analysis. 

Angioplasty protocol: Patients received 10,000 to 
20,000 U of heparin in the emergency room or the cath- 
eterization laboratory. Unless contraindicated, routine 
premedications consisted of 325 mg aspirin orally, 5 mg 






Ps 


isosorbide dinitrate sublingually, 75 mg lidocaine intra- 
venously and 5 mg verapamil intravenously. Patients 
also received 500 cc intravenous dextran if they had 
preserved left ventricular function, 100 to 200 cc if they 
had moderately depressed function and no dextran if 
they had poor function. An additional 5,000 U of hepa- 
rin was given every hour of the angioplasty procedure. 
In 9 patients with cardiogenic shock an intraaortic bal- 
loon pump was placed before angiography and pressor 
support was used as indicated. Left ventriculography in 
the 30° right anterior oblique projection was performed 
in patients without hemodynamic instability, followed 
by visualization of the noninfarct-related arteries and 
grafts, and finally the infarct-related vessel. In each 
case the infarct-related vessel was determined by the 
presence of a total or subtotal occlusion in a distribution 
concordant with the electrocardiographic and ventricu- 
lographic site of infarction. Thrombus was determined 
to be present when a typical rounded appearance of a 
stenosis was associated with staining from the contrast 
material. The extent of coronary artery disease was 
graded as l-, 2- or 3-vessel disease based on the pres- 
ence of a >70% reduction of the internal vessel diame- 
ter of the main arteries or branches as defined by the 
Coronary Artery Surgery Study. All left ventriculo- 
grams were of adequate opacification and were without 
significant ectopy. They were digitized by a single blind- 
ed observer and stored in a Tektronix 4052 computer. 
Ejection fractions were calculated using a modification 
of the Dodge area-length method.’ Regional wall mo- 
tion was determined using a modification of the center- 
line method, dividing the heart into 19 regions. Im- 
proved regional wall motion was defined as an increase 
in regional wall motion score >1 standard deviation in 
at least 1 segment within the infarct zone and positive 
improvement in at least half of the remaining segments 
within the infarct zone. 

Coronary angioplasty was performed in most pa- 
tients with an 0.018-inch guidewire and an over-the- 
wire balloon catheter. Typically, 3 to 5 inflations lasting 
45 to 120 seconds were performed across the lesion us- 
ing pressure sufficient to achieve full balloon expansion. 
The angioplasty procedure was considered successful if 
the residual stenosis was <40% in all views and no ma- 
jor procedural complications occurred (death or urgent 
CABG). 

After angioplasty, heparin was continued for 36 to 
48 hours. After discontinuation for sheath removal, the 
heparin was restarted for an additional 1 to 3 days. All 
patients were maintained on 325 mg aspirin 3 times dai- 
ly, 75 mg dipyridamole 3 times daily and an oral calci- 
um antagonist. Patients demonstrating signs of recur- 
rent ischemia had repeat catheterization before hospital 
discharge. Predischarge catheterization was performed 
in consenting, asymptomatic patients. 

Statistics: Data are reported as mean + standard 
deviation. The 2-tailed Student ¢ test was used for com- 
parison of continuous variables and the chi-square test 
was used between categorical variables. Survival curves 
were generated using the Kaplan-Meier method. A p 
value of <0.05 was considered significant. 
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Left anterior descending 2 (3) 
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Right coronary 17 (23) 
Left main coronary 1 (1) 
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Left anterior descending 25 (34) 

Left circumflex 6 (9) 

Right coronary 17 (24) 
Initial anterograde coronary flow (TIMI grade) 

0 49 (68) 

1 14 (19) 

2 to3 9 (13) 
Infarct location 

Anterior 26 (36) 

Inferior 46 (64) 
Ventricular function 

Mean baseline ejection fraction 46 € 15 

Range 20-82 






Ejection fraction <40% 47 (65) 


TIMI = Thrombolysis in Myocardial Infarction trial.? 


TABLE il Characteristics of Patients with Infarction due to 
Saphenous Vein Graft (SVG) and Native Vessel Occlusion 




















Native 
(n = 24) 






(n = 48) 








Age (yrs) 60+9 

Cardiogenic shock (%) 6 (13) 

Treatment <4 hours (%) 28 (58) 14 (58) 
Treatment <6 hours (%) 38 (79) 19 (79) 
Anterior Infarction (%) 24 (50) 2 (8)* 
Baseline ejection fraction 46+ 15% 45+13% 






Ejection fraction <40% (%) 
* p «0.05. 







RESULTS 

Clinical and angiographic characteristics: The mean 
time from onset of pain to dilatation was 5.1 + 4.0 
hours; 58% of patients underwent angioplasty within 4 
hours of symptom onset and 79% were treated within 6 
hours of pain onset. Anterior myocardial infarction was 
present in 26 patients and inferior infarction in 46. Ten 
patients (14%) were over 70 years of age, 11 (15%) 
were in cardiogenic shock and 47 (65%) had a baseline 
ejection fraction <40%. The data derived from acute 
angiography are listed in Table I. Multivessel coronary 
disease was found in 68 of 72 patients (94%). In 48 
patients the infarct vessel was a vein graft, and in 24 it 
was a native coronary artery. A comparison of clinical 
variables in patients with vein graft and native vessel 
infarction is presented in Table II. In the patients in 
whom the infarct vessel was a vein graft, CABG had 
been performed 7 + 4 years previously (range 3 to 14). 
The angiographic appearance of thrombus was present 
in 44 infarct vessels (61%), 36 of 48 vein grafts and 8 of 
24 native arteries (p <0.01). 

Results of acute angioplasty: Coronary angioplasty 
was successful in 65 of 72 patients (90%), including 9 of 
11 (82%) patients with cardiogenic shock and 56 of 61 
(92%) patients without shock (difference not signifi- 
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cant). Coronary angioplasty was successful in 43 of 47 
(91%) patients with poor baseline ventricular function 
(ejection fraction <40%) and 22 of 25 (88%) patients 
with preserved function (difference not significant). 
Coronary angioplasty was successful in 41 of 48 (85%) 
vein grafts and all 24 native arteries (difference not sig- 
nificant). No patient required urgent CABG as a result 
of the procedure. Clinically significant distal emboliza- 
tion of graft debris was not observed. There were no 
cerebrovascular accidents, cardiac ruptures OF blood 
transfusions. Reflecting a learning curve and improved 
equipment, success was achieved in 30 of the first 36 
patients (83%) compared to 35 of 36 patients (97%) in 
the second half of the series. 

Figure 1 demonstrates the results of acute angio- 
plasty in a 71-year-old man who had CABG 10 years 
before the index infarction with anterior ST-segmeat el- 
evation and a new right bundle branch block. He pre- 
sented in cardiogenic shock with ongoing chest pain. 
Initial angiography demonstrated occlusion of all native 
arteries and vein grafts with the exception of a small 
portion of the proximal circumflex artery giving rise to 
2 marginal branches. The vein graft to the left anterior 
descending artery had the appearance of a recent occlu- 
sion with thrombus at its origin and no anterograde flow 
(Figure 1A). A 0.018-inch guidewire loaded in a 2.5- 
mm balloon catheter was passed easily through the oc- 
clusion, down the graft and into the left anterior de- 
scending coronary artery. Balloon inflations in the prox- 
imal vein graft restored flow through the graft with 
residual thrombus present (Figure 1 B). A series of over- 
lapping balloon inflations through the graft resulted in 
wide patency with brisk flow to the native arterial bed 
(Figure 1C). The patient recovered and was discharged 
on hospital day 13. 











FIGURE 1. A, initial contrast injection in the left anterior oblique projection of 


Hospital course: Sixty-five patients (90%) survived 
to hospital discharge, including 58 of 61 (95%) patients 
free of shock and 7 of 11 (64%) in cardiogenic shock (p 
«0.01). Four of 47 (990) patients with an initial left 
ventricular ejection fraction <40% died (all were in car- 
diogenic shock) and 3 of 25 (12%) patients with pre- 
served (240%) global ventricular function died (differ- 
ence not significant). Three patients with anterior myo- 
cardial infarction and 4 patients with inferior infarction 
died (difference not significant). Five deaths (10%) oc- 
curred among the 48 patients in whom a vein graft was 
the infarct vessel and 2 deaths (8%) occurred among the 
24 patients with native vessel infarction (difference not 
significant). Six of the patients who died were treated 
with direct balloon angioplasty within 4 hours of symp- 
tom onset. 

Symptomatic reocclusion occurred in only 1 patient 
who had a native right coronary artery dilated early in 
the series (1984). The patient was brought back to the 
laboratory in electromechanical dissociation. Repeat an- 
gioplasty of the acutely occluded right coronary artery 
was successful but cardiac function could not be re- 
stored and the patient died in the laboratory. Thirty- 
four patients with initially successful acute angioplasty 
underwent predischarge coronary angiography per pro- 
tocol. The infarct vessel in these 34 patients was a sa- 
phenous vein graft in 27 and a native coronary artery in 
7. Patency was documented in 25 of 27 vein grafts 
(93%) and 7 of 7 native arteries (100%, difference not 
significant). However, 4 of the vein grafts and 1 native 
artery had restenosed to less than total occlusion and 
were successfully redilated without complication. Two 
vein grafts were totally occluded and were not redilated. 
Overall, 61 patients had both an initially successful in- 
farct angioplasty and survival to discharge. Combined 





an acutely occluded vein graft to the 


left anterior descending artery with no anterograde flow. B, the balloon is inflated in the proximal vein graft. Residual thrombus 
present in the graft produces a mottled appearance downstream (arrow). C, following overlapping balloon inflations within the 
graft, wide patency is achieved with restoration of anterograde perfusion to the left anterior descending coronary artery. 
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Clinical and angiographic evidence for reocclusion was 
present in only 3 of these patients (5%). Before dis- 
charge, angioplasty of noninfarct vessels was performed 
in 11 patients. During one of these procedures, an ex- 
tensive dissection occurred and the patient was referred 
for emergent repeat CABG. 

Left ventricular function: The initial left ventricular 
ejection fraction ranged from 20 to 82% (mean 46 + 
15%). Twenty-six of the 65 hospital survivors (40%) 
consented to predischarge contrast left ventriculog- 
raphy. They did not differ from the 39 hospital survi- 
vors declining repeat ventriculography with respect to 
symptom duration or infarct location, poor baseline ven- 
tricular function, presence of cardiogenic shock at pre- 
sentation or procedural success. The initial left ventricu- 
lar ejection fraction in these 26 patients was 44 + 16%. 
At predischarge ventriculography, the mean ejection 
fraction in these patients had increased to 51 + 18% (p 
<0.01). Eleven of these 26 patients (42%) demonstrated 
improvement in quantitative regional wall motion anal- 
ysis in the infarct zone on follow-up ventriculography. 

Late follow-up: Complete clinical follow-up on all 65 
hospital survivors was available at 31 + 22 months from 
index infarction. Actuarial survival after discharge at 1 
and 3 years was 89 and 87%, respectively. Event-free 
survival (no death, CABG or myocardial infarction) at 
l and 3 years was 79 and 69%, respectively. Nine pa- 
tients died in follow-up, 7 within the first 12 months. 
Eight patients had repeat CABG during follow-up and 
14 had late angioplasty. Only 2 patients had nonfatal 
myocardial infarctions. The only univariate predictor of 
better long-term survival was a baseline ejection frac- 
tion 240% (3-year survival, 96 vs 71%, p = 0.03). Angi- 
na status was known in 62 patients. Thirty-six patients 
were free of symptoms and 26 patients reported angina. 
Fourteen patients were in Canadian Cardiovascular As- 
sociation Angina class I or II, 9 were in class III and 3 
were in class IV. 


DISCUSSION 

Although CABG provides symptom relief in most 
patients!? and has been shown to prolong life in certain 
subgroups,!! no protective effect of CABG on subse- 
quent myocardial infarction rates has been shown in the 
major randomized trials.!?-!4 Patients with prior CABG 
have grown to a substantial portion of the total infarct 
population, with 12% in our series and 11% at the Mon- 
treal Heart Institute. ! Furthermore, with the conserva- 
tive management of myocardial infarction, in-hospital 
death, congestive heart failure, arrhythmic complica- 
tions and long-term survival were not different from pa- 
tients without prior CABG. Indeed, reinfarction rates 
and total cardiac events were higher during a 34-month 
follow-up period in the group with prior CABG.2 In the 
present study, the infarct vessel in patients with prior 
CABG was more frequently a vein graft than a native 
artery, similar to findings of Grines et al.!5 

Despite the overwhelming evidence supporting the 
benefit of early reperfusion in patients with acute myo- 
cardial infarction,?^ patients with prior CABG have 


been excluded from virtually all thrombolytic tri- 
als.?4.16-1? Isolated case reports?! and a small series of 
patients with prior CABG treated acutely with lytic 
therapy without angiographic documentation of reper- 
fusion”? do not provide the clinician with adequate di- 
rection for the management of these patients. 

The direct angioplasty approach to acutely occluded 
vein grafts and epicardial coronary arteries varies little. 
However, several factors unique to patients with previ- 
ous CABG may influence the procedural and postproce- 
dural management strategy. Since acute vein graft clo- 
sure most commonly occurs in the setting of a chroni- 
cally diseased vein graft, it can be anticipated that these 
patients might have diffusely diseased vein grafts with 
greater propensity for graft trauma and distal emboliza- 
tion during the procedure. Also, the total amount of 
thrombus present within the graft generally exceeds 
that within native coronary arteries. Consequently, larg- 
er heparin doses and more prolonged heparin infusions 
may be required. In some cases, adjuvant lytic therapy, 
either intravenously or directly infused into the graft, 
may merit consideration although they were not used in 
this series. 

Standard over-the-wire catheter Systems are pre- 
ferred with floppy or extremely flexible guidewires for 
enhanced steering and safety in "blindly" crossing the 
occluded vein graft. Gradual balloon inflations are used 
as for any elective angioplasty with generous balloon 
sizes selected for the vein graft, although clearly not 
oversized. Repeated inflations for 1 to 2 minutes may be 
required to reduce local and adjacent thrombus to a 
minimum as judged angiographically. Although uncom- 
mon, if distal embolization of thrombotic material oc- 
curs, the initial approach is to inflate a balloon adjacent 
to the embolized thrombus and fragment it distally with 
the wire or balloon catheter. 

In the setting of an acutely occluded vein graft pro- 
ducing acute myocardial infarction, occasional alterna- 
tive options for revascularization exist. They include di- 
lating a residual stenosis or total occlusion within the 
native vessel supplied by the vein graft. 

This study has several limitations. Although it con- 
sists of an unselected series of patients with acute myo- 
cardial infarction and prior CABG, it is nonrandomized 
and retrospective in nature, and reflects the experience 
of a single group of experienced interventional cardiolo- 
gists. Controlled, randomized studies comparing di- 
rect percutaneous transluminal coronary angioplasty to 
thrombolytic therapy will be needed before firm conclu- 
sions regarding optimal therapy in these patients can be 
made. Despite the goal of predischarge catheterization 
in all hospital survivors, paired studies were available in 
only a minority of patients. While baseline clinical and 
angiographic characteristics were similar between pa- 
tients catheterized and not catheterized, selection biases 
may nonetheless have occurred. 
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Effects of Atrial Pacing and Dipyridamole 
Administration on Coronary Hemodynamics of 
Collateralized Myocardial Regions in Stable 
Angina Pectoris 
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Great cardiac vein blood flow by thermodilution and 


great cardiac vein oxygen saturation were mea- 
sured in 14 patients with stable exertional angina 
and an angiographic pattern of complete occlusion 
of the proximal left anterior descending artery ret- 
rogradely filled by collateral vessels supplying still 
viable myocardium. Measurements were obtained 
under control conditions, at peak atrial pacing and 
after dipyridamole administration (0.56 mg/kg in- 
travenously over 4 minutes). Both stress tests in- 
duced ischemic electrocardiographic changes in all 
patients, but dipyridamole administration resulted 
in greater ST-segment depression in 11 patients 
(1.6 + 0.5 vs 2.4 + 1.6 mm, p <0.05) and tran- 
sient ST-segment elevation in 3 patients. Dipyrida- 
mole provoked ischemia at a lower value of rate- 
pressure product (145.3 + 30.6 vs 202.9 + 36.6 
beats/min - mm Hg - 10-2, p <0.0005) and anterior 
region myocardial oxygen consumption (9.32 + 
4.76 vs 11.39 + 3.91 ml/min, p <0.05), despite a 
greater increase in great cardiac vein flow (139.4 
+ 45 vs 93 + 27.4 ml/min, p «0.0025) and a 
greater decrease in the calculated index of anterior 
region coronary resistance (0.87 + 0.27 vs 1.46 + 
0.43 mm Hg/ml/min, p «0.0005). Moreover, great 
cardiac vein oxygen saturation increased more sig- 
nificantly during dipyridamole-induced ischemia 
than at peak pacing (63 + 12 vs 35 + 8%, p 
«0.0005). These data show that dipyridamole ad- 
ministration induces more profound electrocardio- 
graphic signs of myocardial ischemia than atrial 
pacing in patients with stable angina and an occlud- 
ed left anterior descending artery retrogradely 
filled by collateral vessels. The vasodilation induced 
by the drug markedly exceeds that induced by pac- 
ing, despite lower values of myocardial oxygen 
consumption. 

(Am J Cardiol 1990;65:703-708) 
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a useful diagnostic technique for suspected isch- 

emic heart disease.!? In patients with significant 
coronary artery narrowings, coronary flow increases in 
response to increase in heart rate until a point of flow 
limitation at which myocardial ischemia occurs.? Dipy- 
ridamole infusion has also been proposed in combina- 
tion with either thallium-201 scintigraphy* or 2-dimen- 
sional echocardiography? as a provocative test for de- 
tecting coronary artery disease. In experimental models 
of chronic coronary occlusion, dipyridamole causes a 
nonhomogenous distribution of perfusion and in some 
experiments decreases flow in regions supplied by collat- 
erals.^ In this study we used a thermodilution tech- 
nique*-!? to measure the flow of the great cardiac vein, 
the venous efflux from the territory supplied by the left 
anterior descending artery, in a selected group of pa- 
tients with stable exertional angina, no history or elec- 
trocardiographic signs of Q-wave anterior myocardial 
infarction and an angiographic pattern of a proximal 
occlusion of the left anterior descending artery retro- 
gradely filled by collateral vessels. In these patients we 
compared the effects of atrial pacing and dipyridamole 
infusion on coronary hemodynamics of the collateral- 
ized anterior region. 


ck graded tachycardia induced by atrial pacing is 


METHODS 

Patient selection: Fourteen patients with stable exer- 
tional angina and a positive exercise test result, defined 
as a development of chest pain and Z1 mm ST-segment 
depression in the precordial leads, were studied.!'.!? In 
all patients coronary angiography showed a complete 
occlusion of the proximal left anterior descending coro- 
nary artery, which appeared retrogradely filled by col- 
lateral vessels. No patient had a history of myocardial 
infarction within 6 months of the study, and no patho- 
logic Q waves were observed on the control electrocar- 
diograms. Patients with angina predominantly occur- 
ring at rest as well as those showing ST-segment eleva- 
tion during pain were excluded. 

Procedure: The investigation was performed 2 to 7 
days (mean 4) after coronary arteriography. All car- 
dioactive drugs were progressively tapered and finally 
discontinued at least 24 hours before the study (72 
hours for 8 blockers). Patients were studied in the fast- 
ing state and in the supine position, without premedica- 
tions. A triple thermistor-thermodilution catheter with 
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Mean + SD 


EF (%) (% stenosis) 


LAD LC Right 
(% stenosis) (% stenosis) 


EF = ejection fraction; LAD = left anterior descending artery; LC = left circumflex; LVEDP = left ventricular end-diastolic pressure; non Q-MI = non-Q-wave myocardial infarction; SD 


= standard deviation; + = yes. 


AP vs Dip 


RPP (beats/min - mm Hg - 107?) 


AP = peak atrial pacing; C1 = control conditions before AP; C2 = control conditions before Dip; Dip = dipyridamole; HR = heart rate; MAP = mean arterial pressure; RPP - rate- 


pressure prdouct; SD = standard deviation. 


pacing electrodes was percutaneously inserted into the 
left antecubital vein after local anesthesia and advanced 
to the great cardiac vein under fluoroscopic control. The 
proximal end of the catheter was firmly secured by 
clamps to avoid displacements. Arterial blood pressure 
was continuously recorded by means of a number 20 
Teflon cannula positioned into the left brachial artery 
and electrocardiographic leads V; through V; were 
monitored throughout the test. After recording a rou- 
tine 12-lead electrocardiogram, we determined resting 
great cardiac vein flow by continuous infusion of a 
physiologic saline solution at room temperature and at a 
constant rate of 56 ml/min for approximately 20 sec- 
onds. Arterial and great cardiac vein blood samples for 


measurements of hemoglobin oxygen saturation were 


obtained in all patients. Heart rate was then progres- 
sively increased by coronary sinus pacing in increments 
of 10 beats/min until significant electrocardiographic 
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changes (ST-segment depression or elevation Z1 mm), 
whether symptomatic or asymptomatic, occurred in the 
precordial leads. The heart was paced for 2 minutes at 
each heart rate. When significant ST depression oc- 
curred, great cardiac vein flow was measured again, 
arterial and cardiac venous blood samples for determi- 
nation of oxygen saturation were obtained, a 12-lead 
electrocardiogram was recorded and pacing was discon- 
tinued. After a recovery period of 40 minutes, resting 
flow and oxygen saturations were determined. Then di- 
pyridamole (0.56 mg/kg) was administered intrave- 
nously over 3 minutes. When the electrocardiogram 
showed significant ST-segment changes in the precordi- 
al leads, whether associated with chest pain or not, coro- 
nary hemodynamic measurements were repeated and 
blood samples were obtained again. Aminophylline (250 
mg) was injected in all patients to relieve pain and re- 
verse electrocardiographic changes. All patients gave in- 


d 





formed consent and no complications resulted from the 
procedure. 

Calculation and statistical analysis: Great cardiac 
vein flow was calculated according to the formula: flow 
(ml/min) = Vi X (Tb — Ti)/(Tb — Tm) — 1 X 1.08, 
where Vi is the rate of injection (56 ml/min), Tb is the 
blood temperature, Ti is the temperature of injectage, 


GCVF 


(ml/min) 


ARCR 


(mm He/ ml/min) 


ARCR = anterior region coronary resistances; GCVF = great cardiac vein flow; GCVO2 = GCV oxygen saturation; other abbreviations as in Table II. 


GCVO» (%) 


Tm is the temperature of the mixture of blood and in- 
jectate and 1.08 is a constant related injectate. Mean 
arterial blood pressure was obtained by electronic filtra- 
tion of the pressure curve. An index of anterior region 
coronary resistance (mm Hg/ml/min) was calculated 
as the quotient of mean arterial blood pressure and 
great cardiac vein flow. Anterior region myocardial 





FIGURE 1. Electrocardiographic and coronary hemodynamic changes induced by atrial pacing (AP) and dipyridamole (DIP) in 1 
patient (case 11). Both stress tests induced chest pain that was accompanied by ST-segment depression during AP and by ST- 
segment elevation after DIP. C1 = control before AP; C2 = control before dipyridamole; GCVF = great cardiac vein flow; ARCR 
= anterior region coronary resistance; GCVO2 = great cardiac vein oxygen saturation. 
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oxygen consumption was derived as (arterial oxygen 
content — cardiac venous oxygen content) flow. Heart 
rate was detected from the electrocardiogram. All data 
are expressed as mean + standard deviation. Statistical 
analysis was performed by paired Student ¢ test and dif- 
ferences were considered significant at p <0.05. 


RESULTS 

Clinical and angiographic findings: All patients were 
men, with a mean age of 54 + 7 years (range 40 to 63) 
(Table I). Four patients had a previous non-Q-wave an- 
terior myocardial infarction. All had angiographically 
proven collateral blood flow retrogradely filling the mid- 
and distal portion of the left anterior descending artery, 
mainly provided by the right coronary artery through 
right ventricular or septal branches. The donor vessel 
was not significantly narrowed in 7 patients (case 1 to 
case 7), while in 7 other patients (case 8 to case 14) the 
right coronary artery appeared critically obstructed be- 
fore giving rise to collateral vessels. Mean ejection frac- 
tion was normal (68 + 7%, range 58 to 80%) and no 
akinetic or dyskinetic areas were shown in any patient 
by left ventriculography. 

Systemic and coronary hemodynamics at peak atri- 
al pacing: Atrial pacing induced ST-segment depression 
>1 mm in the anterior leads in all patients, in 9 of them 
associated with typical chest pain. Mean peak-pacing 
heart rate (123 + 16 beats/min) was reached after a 
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FIGURE 2. Changes in great cardiac vein flow (GCVF) (top) 
and great cardiac vein oxygen saturation (GCVO2) (bottom) 
induced by atrial pacing (AP) and dipyridamole administration. 
The latter provoked a significantly greater increase in GCVF 
and GCVO >. Other abbreviations as in Figure 1. 
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mean pacing time of 523 + 189 seconds (Tables II and 
III). Peak systolic blood pressure increased (p <0.05) so 
that peak-pacing rate-pressure product increased signif- 
icantly (p «0.0005). Pacing increased great cardiac 
vein flow (p «0.0005) while anterior region coronary 
resistance decreased (p «0.001). The cardiac vein oxy- 
gen saturation slightly augmented from control values 
(p <0.05) and anterior region myocardial oxygen con- 
sumption nearly doubled from 7.77 + 2.2 to 11.39 + 
3.9] ml/min (p «0.0005). 

Systemic and coronary hemodynamics . after 
dipyridamole infusion: Ischemic electrocardiographic 
changes followed dipyridamole administration in all pa- 
tients, 5.3 + 2.5 minutes from the end of infusion. Elev- 
en patients showed ST-segment depression while 3 com- 
plained of chest pain associated with ST-segment eleva- 
tion in the anterior leads (Tables II and III). Drug 
administration increased mean heart rate while systolic 
blood pressure did not change; as a result rate-pressure 
product increased significantly (p <0.0005). Great car- 
diac vein flow markedly increased (p «0.0005) and cor- 
onary resistance decreased (p «0.0005). A remarkable 
elevation in great cardiac vein oxygen saturation was 
observed (p «0.0005) and anterior region myocardial 
oxygen consumption also increased significantly from 
6.81 + 2.31 to 9.32 + 4.76 ml/min (p <0.05). The 3 
patients whose electrocardiograms showed ST-segment 
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FIGURE 3. Changes in rate-pressure product (RPP) (top) and 
anterior region coronary resistance (ARCR) (bottom) induced 
by the 2 stress tests. Dipyridamole administration resulted in 
a greater RPP increase and lower ARCR values than at peak 
AP. Other abbreviations as in Figure 1. 


elevation after dipyridamole administration (cases 8, 11 
and 13) had hemodynamic and metabolic changes simi- 
lar to patients showing ST-segment depression. An illus- 
trative case is shown in Figure 1. Chest pain and ST- 
segment abnormalities subsided in all patients after am- 
inophylline administration. 

Systemic and coronary hemodynamic effects of di- 
pyridamole versus pacing: In the 11 patients who had 
ST-segment depression induced by both tests, dipyrida- 
mole administration resulted in a significantly greater 
mean ST depression than peak pacing (2.4 + 1.6 vs 1.6 
+ 0.5 mm, p <0.05). Both heart rate and systolic blood 
pressure were higher at peak pacing than after dipyrida- 
mole (123 + 16 vs 93 + 17 beats/min, p «0.0005, and 
165 + 21 vs 155 + 20 mm Hg, p «0.05, respectively), 
so that myocardial ischemia induced by pacing was as- 
sociated with a greater rate-pressure product (202.9 + 
36.6 vs 145.3 + 30.6 beats/min X mm Hg X 107?, p 
<0.0005). Nevertheless, great cardiac vein flow and 
oxygen saturation showed a higher increase after dipy- 
ridamole than with pacing (139.4 + 45 vs 93 + 27.4 
ml/min, p «0.0025 and 63 + 12 vs 35 + 8%, p 
«0.0005, respectively) (Figure 2). Anterior region coro- 
nary resistance was more deeply reduced after dipyrida- 
mole than at peak pacing (0.87 + 0.27 vs 1.46 + 0.43 
mm Hg/ml - min, p <0.0005) (Figure 3). 


DISCUSSION 

We compared the effects of 2 stress tests, dipyrida- 
mole infusion and atrial pacing, in a homogenous subset 
of patients characterized by the clinical presentation of 
stable exertional angina and the angiographic pattern of 
complete occlusion of the proximal left anterior de- 
scending artery. The lack of akinesis or dyskinesis of the 
anterior wall on left ventriculography and the absence 
of Q waves in the precordial leads on the electrocardio- 
gram proved that collateral circulation supplied still via- 
ble myocardium. The thermodilution technique was 
used to study changes in coronary hemodynamics of the 
collateralized anterior region by measuring great cardi- 
ac vein flow, the efflux of the blood supplying left ante- 
rior myocardium. This technique has been recently crit- 
icized and deemed inaccurate if used to measure minor 
differences of coronary flow (+ 30%), particularly in 
patients with coronary disease. In our study both 
stress tests induced large changes in coronary flow, av- 
eraging 67% during pacing and 153% after dipyrida- 
mole administration, compared to control values. More- 
over, each patient was used as his own control; there- 
fore, potential limitations of the technique due to 
interpatient variability or abnormalities in venous drain- 
age were minimized and should not have affected the 
results.!^ 

In our study both stress tests induced electrocardio- 
graphic signs of myocardial ischemia that were accom- 
panied by different coronary hemodynamic changes. 
Regional myocardial oxygen consumption was in- 
creased more significantly during pacing, while dipyrid- 
amole induced a higher increase in great cardiac vein 
flow and a far greater increase in great cardiac vein 
oxygen saturation. Although atrial pacing provoked a 


greater increase in myocardial oxygen demand, electro- 
cardiographic signs of myocardial ischemia were less 
pronounced than after dipyridamole administration. 
The drug induced higher degrees of ST-segment depres- 
sion in 11 patients and transient ST elevation, the hall- 
mark of transmural myocardial ischemia,!? in 3 other 
patients. These findings suggest that the increase in flow 
in the collateralized anterior region is not beneficial, as 
suggested by some investigators.'^ Rather, it is associ- 
ated with deleterious effects. The excessive vasodilation 
induced by dipyridamole occurred not only in patients 
with collateral flow supplied by a normal coronary ar- 
tery, but also in patients with a diseased donor vessel. 

There are several possible explanations for these 
findings. Experimental studies have shown that after di- 
pyridamole, maldistribution of flow occurs with reduced 
endocardial/epicardial flow ratio.9!" Since the thermo- 
dilution technique does not permit the study of flow 
changes in specific transmural layers, the augmented 
great cardiac vein flow in our patients may have reflect- 
ed a disproportionate increase in flow of the subepicar- 
dial layers, while subendocardial blood flow may have 
actually decreased, resulting in subendocardial isch- 
emia. Such an explanation, however, cannot apply to 
patients who had transient ST-segment elevation after 
dipyridamole, as this electrocardiographic change is as- 
sociated with transmural ischemia. An absolute reduc- 
tion in flow to both subendocardial and subepicardial 
layers leading to transmural ischemia might have been 
determined by the “coronary steal" phenomenon dem- 
onstrated in experimental animals. However, this 
mechanism was not operative in our series, since an in- 
crease in great cardiac vein flow and oxygen saturation 
was observed after dipyridamole in all our patients, even 
those who had transmural ischemia after the drug ad- 
ministration. The paradox of severe myocardial isch- 
emia despite increase in flow through collateral circula- 
tion might be explained by postulating the existence of 
vascular pathways, opening after dipyridamole adminis- 
tration, that shunt blood through nonmetabolically ac- 
tive zones. Such a mechanism was proposed by Mar- 
shall and Parratt,* who found, in an experimental 
study, that after ligation of the left anterior descending 
artery, dipyridamole decreased flow in the area supplied 
by the ligated vessel while oxygen tension of the blood 
draining the ischemic muscle was markedly elevated. A 
possible study limitation is that in our patients great 
cardiac vein flow might have reflected not only the 
blood draining from the occluded left anterior descend- 
ing artery but also blood coming from normal vessels 
through venous collaterals. However, great cardiac vein 
flow and oxygen saturation increased dramatically also 
in those patients (cases 9, 10, 12, 13 and 14) with severe 
3-vessel disease, in whom drainage of blood from nor- 
mally perfused areas was presumably minimal. 
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rsensitivity reaction to ape. "S 
WARNINGS: Excessive Hypotension: Although in most angina patients the hypotensive effect of nifedipine is modest and well tolerated, 
occasional patients have had excessive and poorly tolerated hypotension. These responses have usually occurred during initial titration 
or at the time of subsequent upward dosage adjustment, and may be more likely in patients on concomitant beta blockers. f 

Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving nifedipine together with a 
beta-blocking agent who underwent coronary artery bypass surgery using high dose fentanyl anesthesia. The interaction with high dose 
fentanyl rs to be due to the combination of nifedipine and a beta blocker, but the possibility that it may occur with nifedipine alon 
with low of fentanyl, in other op ar procedures, or with other narcotic analgesics cannot be ruled out. In nifedipine-treat 
patients where surgery using high dose fentanyl anesthesia is contemplated, the physician should be aware of these potential problems 
= if the patient's condition permits, sufficient time (at least 36 hours) should be allowed for nifedipine to be washed out of the body prior 

surgery. 

The to owing information should be taken into account in those patients who are being treated for hypertension as well as angina: 
increased Angina and/or Myocardial infarction: Rarely, patients, particularly those who have severe obstructive coronary artery dis- 
ease, fave developed well documented increased frequency, duration and/or severity of angina or acute myocardial infarction on starting 
nif pe or at the time of dosage increase. The mechanism of this effect is not established. NAMES 
Beta Blocker Withdrawal: It is important to taper beta blockers if possible, rather than stopping inem abruptly before beginning nifedi- 
pine. Patients moniy withdrawn from beta blockers may develop a withdrawal syndrome with increased angina, probably related to 
increased sensitivity to catecholamines. Initiation of nifedipine treatment will not prevent this occurrence and on occasion has been 


reported to increase it. 
Congestive Heart Failure: Rarely, patients usually receiving a beta blocker, have developed heart failure after beginning nifedipine. 
Patients with tight aortic stenosis may be at greater risk for such an event, as the vere eect of nifedipine would be expected to be 
of less benefit to those patients, owing to their fixed impedance to flow across the aortic valve. — d 
PRECAUTIONS: Genera otension: Because nifedipine decreases peripheral vascular resistance, careful monitoring of blood 
pressure during the initial administration and titration of nifedipine is suggested. Close observation is especially recommended for 
patents already taking medications that are known to lower blood pressure. NINGS.) | cA 

pheral Edema: Mild to moderate peripheral edema occurs in a dose dependent manner with an incidence ranging from approxi- 
mately 10% to about 30% at the highest dose studied (180 mg). It is a localized phenomenon thought to be associated with vasodilation 
of dependent arterioles and small blood vessels and not due to left ventricular dysfunction or generalized fluid retention. With patients 
whose angina or hypertension is uen by congestive heart failure, care should be taken to differentiate this peripheral edema from 
the effects of increasing left ventricular dysfunction. 5y l 
een Tests: Rare, uy transienf, but occasional significant elevations of enzymes such as alkaline r phosphatase CPK, LDH, 
SGOT, and SGPT have been nofed. The relationship to nifedipine therapy is uncertain in most cases, but probable in some. These labora- 
tory abnormalities have rarely been associated with clinical a epi owever, cholestasis with or without jaundice has been reported. 
A small EAR creas in mean alkaline phosphatase was not pepe treated with PROCARDIA XL. This was an isolated finding not 
associated with clinical symptoms and it rarely resulted in values which fell outside the normal range. Rare instances of allergic hepatitis 
have been reported. In controlled studies, PROCARDIA XL did not adversely affect serum uric acid, glucose, or cholesterol. Serum 
potassium was unchanged in patients receiving PROCARDIA XL in the absence of concomitant diuretic therapy, and slightly decreased in 
patients receiving concomitant diuretics. S ROADS 

Nifedipine, like other calcium channel blockers, decreases platelet aggregation in vitro. Limited clinical studies have demonstrated a 
moderate but statistically significant decrease in platelet aggregation and increase in bleeding time in some nifedipine patients. This is 
Rouge to be f eon of inhibition of calcium transport across the platelet membrane. No clinical significance for these findings has 

monstrated. 

Positive direct Coombs test with/without hemolytic anemia has been reported but a causal relationship between nifedipine adminis- 
tration and positivity of this laboratory test, Pme hemolysis, could not be determined. l , 

Although nifedipine has been used Safely in patienfs with renal dysfunction and has been reported to exerta beneficial effect in certain 
cases, rare reversible elevations in BUN and serum creatinine have reported in patients with pre-existing chronic renal insufficiency. 
The relationship to nifedipine therapy is uncertain in most cases but protatie in some. l À 
Drug Interactions—Beta-adrenergic blocking agents: (See WARNINGS) Experience in over 1400 sens with Procardia* capsules in a 
noncomparative clinical trial has shown that concomitant administration of nifedipine and beta-blocking agents is usually well tolerated 
but there have been occasional literature reports suggesting that the combination may increase the likelihood of congestive heart failure, 
severe nypotension, or exacerbation of angina. H J 

Long ng Nitrates: Nifedipine may be safely co-administered with nitrates, but there have been no controlled studies to evaluate the 
antianginal effectiveness of this combination. — Lo de l 

Digi lis: Administration of nifedipine with digoxin increased digoxin levels in nine of twelve normal volunteers. The average increase 
was 45%. Another a a found no increase in digoxin levels in thirteen patients with coronary artery disease. In an uncontrolled 
study of over two hundred patients with congestive heart failure during which digoxin blood levels were not measured, digitalis toxicity 
was not observed. Since there have been isolated reports of patients with elevated digoxin levels, it is recommended that digoxin levels 
be monitored when initiating, adjusting, and discontinuing nifedipine to avoid possible over- or under-digitalization. — 

Coumarin Anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin anticoagulants to 
whom nifedipine was administered. However, the relationship to nifedipine therapy is uncertain. 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak pep por plasma levels (80%) and area-under- 
the-curve (74%), after a one week Course of cimetidine at mg per day and nifedipine at 40 mg per day. Ranitidine produced smaller, 
non-significant increases. The effect may be mediated by the known inhibition of cimetidine on hepatic cytochrome P-450, the enzyme 
system probably responsible for the first-pass metabolism of nifedipine. If nifedipine therapy is initiated in a patient currently receiving 
cimetidine, caufious titration is advised. 





Carcinogenesis, Mutagenesis, Impairment of Fermer Nifedipine was administered orally to rats, for two jun and was not shown to 
be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility at à dose approximately 30 times the maximum 
recommended human dose. /n vivo mutagenicity studies were negative. T ig 
Pregnancy: Pregnancy uzegory C. Nifedipine has been shown to be teratogenic in rats when given in doses 30 times the maximum 
recommended human dose. Nifedipine was embryotoxic (increased fetal resorptions, decr fetal we. increased stunted forms 
increased fetal deaths, decreased neonatal survival) in rats, mice, and rabbits at doses of from 3 to 10 times the maximum recommended 
human dose. In pregnant monkeys, doses 2/3 and twice the maximum recommended human dose resulted in small placentas and 
underdeveloped chorionic villi. In rats, doses three times maximum human dose and higher caused prolongation op nancy. There 
are no adequate and well controlled studies fn prognant women. PROCARDIA XL® (nifedipine) Extended Release Tablets should De used 
during pregnancy e the potential benefit justities the potential risk to the fetus. —— l 
E IENUES: Over EUO peg from both controlled and open trials with PROCARDIA XL Extended Release Tablets in 
hypertension and angina were included in the evaluation of adverse experiences. All side effects reported during PROCARDIA XL 
ended Release Tablet therapy were tabulated independent of their causal relation to medication. The most common side effect 
reported with PROCARDIA XL was edema which was dose related and ranged in Ten from aporte 10% to about 30% at the 
highest dose studied (180 mg). Other common adverse experiences reported in placebo-controlled trials include: headache (15.8%, 
Forge to 9.8% placebo incidence), fatigue (5.9%, compared to 4.1% placebo nada dizziness (4.1%, compared to 4.5% placebo 
incidence), constipation (3.3%, compared to 2.3% place incidence), and nausea (3.3%, compared to 1.9% placebo incidence). Of 
these, only edema and headache were more common in PROCARDIA XL patients than placebo patens d 
. The following adverse reactions occurred with an incidence of less than 3.0%. With the exception o cramps, the incidence of these 
side effects was similar to that of placebo alone: body as a whole/systemic: asthenia, flushing, pain; cardiovascular: palpitations; central 
nervous system: insomnia, nervousness, paresthesia, somnolence; dermatologic: pruritus, rash; gastrointestinal: abdominal pain, 


diarrhea, dry mouth, dyspepsia, flatulence; musculoskeletal: arthralgia, leg cramps: respiratory: pain (nonspecific), dyspnea; 
urogenital: impotence, polyuria. . D. 
her adverse reactions were reported sporadically with an incidence of 1.0% or less. These include: body as a whole/systemic: face 
edema, fever, hot flashes, malaise, periorbital edema, rigors; cardiovascular: arrhythmia, hypotension, increased angina, tachycardia, 
syncope; central nervous system: anxiety, ataxia, decreased libido, depression, hypertonia, sthesia, migraine, paroniria, tremor, 
vertigo; dermatologic: alopecia, increased sweating, urticaria, purpura; gastrointestinal: eructation, gastroesophageal reflux, gum 
hyperplasia, melena, vomiting, weight increase: musculoskeletal: back pain, gout, gias; respiratory: coughing, epistaxis, upper 
respiratory tract infection, respiratory disorder, sinusitis; special senses: abnormal facrimation, abnormal vision, taste perversion, 
tinnitus; urogenital/reproductive: breast pain, dysuria, hematuria, nocturia. GAN f 
E experiences which occurred in less than 1 in 1000 patients cannot be distinguished from concurrent disease states or 
ications. 

In multiple-dose U.S. and Pre controlled studies with nifedipine capsules in which adverse reactions were reported spontaneously, 
adverse effects were frequent but generally not serious and rarely required discontinuation of therapy or Seige adjustment. Most were 
expected consequences of the vasodilator effects of Procardia. Adverse experiences reported in placebo-controlled trials include: dizzi- 
ness, lightheadedness, and giddiness (27%, compared to 15% placebo incidence); flushing, heat sensation is compared to 8% 
placebo incidence); headache (23%, compared to 20% moe incidence); weakness (12%, compared to 10% placebo incidence 
nausea, heartburn KI». compared to 8% placebo incidence); muscle cramps, tremor (8%, compared to 3% placebo incidence 
peripheral edema (7%, compared to 1% placebo incidence); nervousness, changes (7%, compared to 4% placebo incidence 
palpitation (7%, compared to 5% placebo incidence); dyspnea, cough, and wheezing (6%, compared to 2% placebo incidence); and 
nasal congestion, sore throat (6%, compared to 8% placebo incidence). . , 

There is also a large uncontrolled experience in over 2100 patients in the United States, Most of the patients had vasospastic or 
resistant angina pectoris, and about half had concomitant treatment with beta-adrenergic blocking agents. The relatively common 
adverse events were similar in nature to those seen with PROCARDIA XL. — l i 

In addition, more serious adverse events were observed, not readily distinguishable from the natural history of the disease in these 
patients. It remains possible, however, that some or many of these events were drug related. ardial infarction occurred in about 4% 
of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular a mias or conduction disturbances each 
occurred in fewer than 0.5% of patients. — ae l m 

In a subgroup of over 1000 —— receiving Procardia with concomitant beta blocker MAC the pattern and incidence of adverse 
experiences was not different from that of the entire group of Procardia treated patients (See PRECAUTIONS.) — 

na sul oep of approximately 250 patients with a diagnosis of congestive heart failure as well as angina, dizziness or lightheaded- 
ness, peripheral edema, headache or flushing each occurred in one in eight patients. Hypotension occurred in about one in 20 patients. 
des occurred in ipprocmateiy one patient in 250. Myocardial infarction or symptoms of caute heart failure each occurred in 
about 0 


ne patient in 15. Atrial or ventricular dysrhythmias each occurred in about one patient in 1 
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Magnesium Deficiency Detected by Intravenous 
Loading Test in Variant Angina Pectoris 


Kazuo Goto, MD, Hirofumi Yasue, MD, Ken Okumura, MD, Koshi Matsuyama, MD, 
Kiyotaka Kugiyama, MD, Hiroo Miyagi, MD, and Toshinobu Higashi, MD 





To study whether magnesium (Mg) deficiency is 
present in patients with variant angina, 24-hour 
Mg retention of low dose Mg (0.2 mEq/kg lean 
body weight) administered intravenously over 4 
hours in 20 patients with variant angina was exam- 
ined. No patient had received calcium antagonists 
before or during the study. All had attacks of chest 
pain associated with ST elevation on electrocardio- 
grams. Twenty-one subjects without ischemic heart 
disease were studied as control subjects. Ten pa- 
tients with variant angina were restudied 10 to 529 
days (mean 235 + 30) after the treatment with cal- 
cium antagonists (diltiazem 120 to 240 or nifedi- 
pine 40 to 80 mg/day), which resulted in complete 
suppression of anginal attacks. The mean serum 
Mg concentrations in the patients with variant an- 
gina and the control subjects were 2.1 + 0.05 and 
2.1 + 0.03 mg/dl, respectively (difference not sig- 
nificant). However, 24-hour Mg retention in the pa- 
tients with variant angina was 60 + 5%, while that 
in the control subjects was 36 + 3% (p <0.001), 
suggesting that Mg deficiency is present in at least 
some patients with variant angina. The mean se- 
rum Mg concentrations before and after calcium 
antagonist treatment in 10 patients with variant 
angina were 2.1 + 0.09 and 2.1 + 0.07 mg/dl, 
respectively (difference not significant). However, 
24-hour Mg retention decreased significantly (p 
«0.01) from 60 + 6 to 34 + 7% after the treat- 
ment. There is Mg deficiency in many patients with 
variant angina and it is corrected after treatment 
with calcium antagonists. 

(Am J Cardiol 1990;65:709-712) 
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important role in the pathogenesis of not only variant 

angina! but also ischemic heart disease in gener- 
al.>-7 However, the precise mechanism(s) by which cor- 
onary spasm occurs still remains unknown. Although 
previous studies have suggested that magnesium (Mg) 
deficiency may be involved in the pathogenesis of coro- 
nary spasm, no systematic clinical study of Mg metabo- 
lism in patients with variant angina has been performed. 
The present study was designed to use the intravenous 
Mg loading test to examine whether Mg deficiency is 
present in patients with variant angina, and if so, wheth- 
er this deficiency can be corrected by treatment with 
calcium antagonists that suppress variant angina. 


if is now established that coronary spasm plays an 


METHODS 

Patients: We studied 20 patients with variant angina 
(17 men and 3 women) whose ages ranged from 38 to 
72 years (mean 57). All patients had attacks of chest 
pain associated with ST elevation on the electrocardio- 
gram occurring at rest, usually from midnight to early 
morning. In all of them, coronary spasm was document- 
ed by coronary arteriography during spontaneous or in- 
duced anginal attacks (induced by intracoronary injec- 
tion of acetylcholine*-!? or intravenous administration 
of ergonovine maleate) in the cardiac catheterization 
laboratory. Clinical data including age, sex, electrocar- 
diographic changes during attacks and coronary arterio- 
graphic findings are listed in Table I.!! Ten of them (1 
to 10) were restudied 10 to 529 days (mean 235 + 30) 
after the treatment with calcium antagonists (diltiazem 
120 to 240 mg or nifedipine 40 to 80 mg/day), which 
resulted in complete suppression of anginal attacks. 

Twenty-one subjects without ischemic heart disease, 
matched for age and sex with the variant angina patient 
group (17 men and 4 women ranging in age from 31 to 
72, with a mean age of 51 years), were studied as con- 
trol subjects. Six of them had atypical chest pain, 4 had 
valvular heart disease, 4 permanent pacemaker implan- 
tation, 3 arrhythmias, 1 patent ductus arteriosus and 3 
were normal volunteers. 

None of the study patients in either group had previ- 
ous myocardial infarction, heart failure, intestinal mal- 
absorption, loss of body fluids, chronic excessive alcohol 
ingestion or liver cirrhosis, renal disease or diabetes mel- 
litus. None of them had received calcium antagonists, 
diuretics, digitalis or other agents affecting Mg metabo- 
lism (such as gentamycin or carbenicillin) within at 
least 3 months before the study. 

This study was approved by the ethics committee of 
our institution and informed consent was obtained from 
each patient. 
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TABLE I Electrocardiographic and Coronary Arteriographic Findings in 20 Patients with Variant Angina 


ST Elevation 
During Attack 


Patient 
No. Age (yrs), Sex 


Il tll aVF or Vo. 5 


Vi-4 

Il Ill aVF, V5.6 

Il I| aVF, Vs 
or |, aVL, V5.6 

|, aVL, V2-6 

Il ||| aVF or Vz- 

Il I aVF 

Il IH aVF, Vs 

Il In aVF 


=z 


,M 
M 
5 
T. 
,M 


Vi-3, aVL 
Il Ill aVF, V5.6 
| aVL, Vo. e 
Il Ill aVF 
Il IH aVF 
Il HI aVF 
Vi-a 
Il IH aVF 
Il II aVF 
or | aVL, Vo. & 
Il Ill aVF 
Il I aVF 


zzzmn"zzzzz 


zz 


Coronary Arteriogram 


During Attack (76) After NTG (96) 


Si 100, S7 90, Normal 
Sıı 100 

Sı 90, S; 100 

S; 100, Sg 100 


Sı 100, Sg 90 


S775 
$1 25, S7 25 
Normal 


S; 100 

S, 99, S6 90 
S, 99 

S3 100, S7 75 
Sı 100 


S775 

S7 50 

Normal 

$3 50 

4AV, 4PD 75 
$1375 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

S145 90, 4AV 90 


S3 100, Sg 100 
Se 100 

S5 100 

S, 100 

S2 99, S; 99 

Sı 100, Sg 100 
Sg 100 

S2 100, S;3 100 
$13 100, 4AV 100 


Normal 
$125 


Sı 100 
S, 99 


S; to Sis refer to the segment of the coronary arteries defined by the American Heart Association Committee Report.!! 


NTG = nitroglycerin. 


Magnesium loading test: The test was based on the 
method proposed by Ryzen et al.'? For this test, dietary 
Mg intake and fecal Mg excretion were ignored, and 
patients were allowed to eat their regular diet during 
the study. Twenty-four-hour urine samples were collect- 
ed to determine Mg excretion and creatinine clearance. 
After completion of baseline 24-hour urine collection, 
patients were given 0.2 mEq/kg lean body weight of 
intravenous Mg in 50 ml of 5% glucose over 4 hours. 
This dose was chosen so as not to exceed greatly the 
maximal renal tubular reabsorption of Mg.!? The blood 
pressure, heart rate and deep tendon reflex were moni- 
tored during the Mg infusion. Blood specimens were ob- 
tained for determination of serum Mg, calcium, potassi- 
um and creatinine concentrations before and immedi- 
ately after completion of the infusion. Twenty-four-hour 
urine samples beginning with the infusion were collect- 
ed again for determination of urine Mg. The adequacy 
of 24-hour urine collection was checked by determining 
24-hour urine creatinine excretion. 

Measurements: Serum and urine Mg concentrations 
were determined by atomic absorption spectrophotome- 
try (Perkin Elmer 403). Serum calcium, potassium and 
creatinine concentrations, as well as urine creatinine 
concentrations, were determined by  autoanalyzer 
(Technicon SMAC-1). The amount of Mg in 24-hour 
urine collection before the Mg infusion was considered 
as a basal urinary Mg excretion. This value was then 
subtracted from the amount of Mg in the postinfusion 
24-hour urine collection. The difference of pre- and 
postinfusion 24-hour urinary Mg excretions was com- 
pared with the total amount of Mg infused and ex- 
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pressed as a percent of loaded Mg retention at 24 hours 
after the infusion. Twenty-four-hour Mg retention (96) 
was calculated according to the formula: 24-hour Mg 
retention (96) = 


| Postinfusion U-Mg — Preinfusion U-Mg x 100 
Total elemental Mg infused 


where U-Mg is 24-hour urinary Mg excretion. 

Statistical analysis: All data were expressed as 
mean + standard error of the mean. The Student paired 
and unpaired ¢ tests were used for the statistical analy- 
sis. A p value «0.05 was considered statistically signifi- 
cant. 


RESULTS 

Magnesium retention in patients with variant angi- 
na: Serum calcium, potassium and creatinine concen- 
trations were within normal ranges for all the study pa- 
tients in both groups and there were no significant dif- 
ferences between the variant angina group and the 
control group (9.1 + 0.09 vs 9.3 + 0.09 mg/dl for calci- 
um, 4.3 + 0.06 vs 4.1 + 0.07 mEg/liters for potassium, 
1.1 + 0.03 vs 1.1 + 0.04 mg/dl for creatinine, respec- 
tively). Serum Mg concentrations increased significant- 
ly after Mg infusion in both the variant angina group 
and the control group (from 2.1 + 0.05 to 2.8 + 0.06, p 
<0.001 and from 2.1 + 0.03 to 2.9 + 0.09 mg/dl, p 
<0.001, respectively), but there were no significant dif- 
ferences in the pre- and postinfusion serum Mg concen- 
trations between the 2 groups. Creatinine clearance was 
also within normal ranges in all the study patients in 
both groups and there was no significant difference in 


he 


+ 


rn Oe Berg apa 


the value between the 2 groups (90 + 3.9 ml/min for 
the variant angina group vs 88 + 3.8 ml/min for the 
control group). However, the patients with variant angi- 
na retained significantly greater amounts of Mg load 
than did the control subjects (60 + 5 vs 36 + 3%, p 
<0.001) as shown in Figure 1. The Mg infusion was 
well tolerated in all patients, and there were no signifi- 
cant changes in blood pressure, heart rate and deep ten- 
don reflex during and after the infusion. 

Effect of calcium antagonist treatment on magne- 
sium retention: There was no significant change in the 
mean serum Mg concentration before and after calcium 
antagonist treatment in 10 patients with variant angina 
(2.1 + 0.09 vs 2.1 + 0.07 mg/dl). There were also no 
significant changes in the mean serum calcium, potassi- 
um and creatinine concentrations before and after the 
treatment (9.2 + 0.04 vs 9.2 + 0.08 mg/dl for calcium, 
4.3 + 0.09 vs 4.5 + 0.06 mEgq/liters for potassium, 1.1 
+ 0.04 vs 1.1 + 0.07 mg/dl for creatinine, respectively). 
However, the retention of Mg load was significantly de- 
creased after the treatment with calcium antagonists as 
compared with before the treatment (60 + 6 vs 34 + 
7%, p <0.01) as shown in Figure 2. The values after the 
treatment were almost similar to those of control sub- 
jects. 


DISCUSSION 

Mg has been shown to compete with calcium for the 
membrane and intracellular binding sites, eventually af- 
fecting the availability of calcium for development of 
tension.!^!? Previous in vitro studies have shown that 


p «0. 001 
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FIGURE 1. Twenty-four-hour magnesium (Mg) retention (96) 
in patients with variant angina and control subjects. Mean re- 
tention of Mg was significantly higher in patients with variant 
angina than control subjects. SEM - standard error of the 
mean. 





Mg deficiency constricts isolated dog!ó and human!’ 
coronary arteries and Mg repletion dilates them. Epide- 
miologic studies have indicated that the mortality from 
ischemic heart disease has an inverse correlation with 
the intake of Mg.!*!? Also, Mg deficiency has been 
found in patients with ischemic heart disease and an 
important role for Mg in ischemic heart disease has 
been postulated. Moreover, previous clinical stud- 
ies?! ?* have shown that the intravenous infusion of Mg 
suppresses attacks of variant angina. Thus, it is possible 
that Mg deficiency is involved in the pathogenesis of 
coronary spasm in patients with variant angina. 

Since only 1% of total body Mg is in the extracellu- 
lar space,?^ serum Mg concentrations may not accurate- 
ly reflect total body Mg content. The Mg loading test 
has been used to assess Mg deficiency.!?25-?? The reli- 
ability of this test as a true estimate of an intracellular 
Mg deficiency has been demonstrated in previous stud- 
ies.2528 

The present study indicates that many patients with 
variant angina have Mg deficiency. Although there was 
some overlap of Mg retention between the variant angi- 
na group and the control group, 9 (45%) of the 20 pa- 
tients with variant angina had increased Mg retention 
greater than the range for the control subjects. 

The clinical conditions that may lead to Mg deple- 
tion were not found in any of the patients with variant 
angina in the present study. Reduced intake due to in- 
adequate dietary habits could not be excluded as a pos- 
sible cause of Mg deficiency in these patients. Acute 
stress of the attacks with elevated levels of catechol- 
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FIGURE 2. Twenty-four-hour magnesium (Mg) retention (%) 
before and after calcium antagonist treatment in 10 patients 
with variant angina. Mg retention decreased significantly after 
treatment with calcium antagonists. SEM = standard error of 
the mean. 
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amines and subsequent changes in the renal handling of 
Mg or an increased intracellular precipitation of insolu- 
ble Mg soaps could also lead to Mg deficiency in these 
patients as in patients with acute myocardial infarc- 
tion.29.90 

Because Mg deficiency is known to cause coronary 
vasoconstriction, the present study indicates that Mg 
deficiency is involved in or predisposed to the produc- 
tion of coronary spasm in at least some patients with 
variant angina. However, Mg deficiency may not be the 
sole cause of variant angina because not all patients 
with variant angina are associated with Mg depletion. 
Thus, pathogenesis of coronary spasm may be multifac- 
torial. 

The present study also showed that increased Mg 
retention in patients with variant angina decreased to 
the levels of control subjects after the attacks were com- 
pletely suppressed with treatment with calcium antago- 
nists. This may be because the calcium antagonists cor- 
rected Mg deficiency or because Mg deficiency was sec- 
ondary to the stress of anginal attacks as in acute 
myocardial infarction and was improved after disap- 
pearance of anginal attacks caused by the treatment 
with calcium antagonists.?? Further studies are required 
to clarify these problems. 
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Possible Role of Coronary Artery Spasm 
in Unexplained Syncope 
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Coronary spasm provocation by intracoronary 
methylergonovine was performed in 14 patients (8 
men and 6 women, mean age 56 + 6 years) with 
syncope that remained unexplained despite neuro- 
logic and noninvasive cardiac evaluations. Electro- 
physiologic testing was also performed in 6 of 14 
patients. No patient had structural heart disease or 
significant fixed stenosis of >75% in the coronary 
arteries. Six patients had no history of chest pain 
even when they developed syncope. Serious ar- 
rhythmia was documented in 2 patients, cardiac 
standstill in 1 and complete atrioventricular block 
in the other. Coronary spasm was induced in 9 pa- 
tients using the methylergonovine provocation test. 
Multivessel spasms were found in 3 patients. Coro- 
nary spasm was induced in the artery supplying the 
inferior wall in 7 of 9 patients with positive results. 
In 4 of 9 patients who had a positive result, there 
was no prior history of chest pain. In 1 patient, 
whose electrocardiogram was recorded during syn- 
cope, cardiac standstill was documented and cardi- 
ac standstill and syncope also occurred during the 
provocation test. Monomorphic ventricular tachy- 
cardia was not induced by the electrophysiologic 
study. These results suggest that coronary spasm 
is involved in unexplained syncope. 

(Am J Cardiol 1990;65:713-717) 
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establishing the cause of syncope.!? Electrical ab- 

normalities have been identified in 17 to 75% of 
patients with unexplained syncope, especially in those 
with structural heart disease.*> However, the role of 
electrophysiologic testing remains undetermined in pa- 
tients with unexplained syncope who have no organic 
heart disease.?^9 On the other hand, patients with vaso- 
spastic angina frequently experience syncope.’~? In pre- 
vious reports, however, the role of coronary spasm in 
patients with unexplained syncope has never been fully 
appreciated or emphasized. We evaluated the possibility 
of the existence of coronary spasm among patients with 
unexplained syncope using the methylergonovine provo- 
cation test. 


Ts electrophysiologic study has proven useful in 


METHODS 

Patient selection: The study population consisted of 
14 patients (8 men and 6 women, age 56 + 6 years) 
with unexplained syncope. Syncope was defined as a 
complete but transient loss of consciousness with a loss 
of postural tone. Three patients who experienced pre- 
syncope with a loss of postural tone were also included 
because their clinical significance is considered as im- 
portant as that of syncope. Cardiovascular collapse was 
defined as hypotension of <60 mm Hg or pulselessness, 
apnea and unresponsiveness or a combination of these. 
All patients were interviewed by one of us and under- 
went a complete physical examination. A 12-lead elec- 
trocardiogram, exercise treadmill testing, 2-dimensional 
echocardiography, bedside carotid sinus massage, ortho- 
static blood pressure determination and at least one 24- 
hour ambulatory electrocardiographic monitoring were 
performed in all patients. No patients had an old myo- 
cardial infarction, valvular heart disease, hypertrophic 
or dilated cardiomyopathy, and none showed sinus node 
dysfunction, second- or third-degree atrioventricular 
block, ventricular tachycardia, QT prolongation or ca- 
rotid sinus hypersensitivity. An electroencephalogram 
was performed on all patients and brain computed to- 
mography on 10. Patients who demonstrated neurologic 
abnormalities were excluded. 

Methylergonovine provocation test: Informed con- 
sent was obtained from each patient before both the 
methylergonovine test and electrophysiologic test. Both 
tests were independently performed on different days. 
All medications were discontinued at least 24 hours be- 
fore the methylergonovine test. 
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After routine diagnostic coronary arteriography, a 
selective intracoronary methylergonovine test was per- 
formed.!? Left and right Judkins catheters were intro- 
duced into the ostium of each coronary artery via both 
femoral arteries. Methylergometrine maleate (Teikoku 
Hormone Co.), which has a potency similar to ergomet- 
rine maleate,!! was dissolved in normal saline to a final 
concentration of 2 ug/ml and was continuously infused 
at a rate of 10 ug/min for up to 5 minutes in the initial 
provocation site. When ischemic electrocardiograph- 
ic changes appeared, methylergonovine administration 
was terminated and coronary arteriography was imme- 
diately performed. If there was no change on the elec- 
trocardiogram, coronary arteriograms were obtained 3 
minutes after the completion of methylergonovine ad- 
ministration. When coronary spasm of 275% or isch- 
emic electrocardiographic change, or both, occurred in 
the initial study, 0.5 mg of isosorbide dinitrate was ad- 
ministered into the coronary artery. Provocation of the 
contralateral coronary artery was performed 15 minutes 
after the provocation of the initial artery. Finally, iso- 
sorbide dinitrate (2 mg) was injected into each coronary 
artery and coronary arteriography was undertaken to 
assess the severity of fixed stenosis (Figure 1). 

Coronary diameters were independently measured 
using an electronic caliper (model EC-1, Sandhill Scien- 
tific Inc.) by 2 cardiologists. The methylergonovine test 
was considered to be positive if it produced a narrowing 
of 275%. The grade of spasm was expressed as 100% 
when epicardial coronary arteries were completely oc- 
cluded and 99% when there was a delayed filling of the 
distal segment. Otherwise, the grade of the spasm was 
expressed as percent diameter stenosis at the most spas- 
tic segment. 

Electrophysiologic study: Electrophysiologic study 
was performed in 6 of 14 patients. All drugs were dis- 
continued for at least 5 half-lives before the study. Elec- 
trode catheters were positioned in the high right atrium, 
across the tricuspid valve to record a His-bundle electro- 
cardiogram and in the right or left ventricle. The proto- 
col of the electrophysiologic study has been previously 
described.!?.!? Briefly, sinus node function and atrioven- 
tricular conduction were evaluated by means of right 
atrial rapid pacing and extrastimulus. Single and double 
ventricular extrastimuli and incremental pacing were 
undertaken to induce ventricular tachyarrhythmias. If 
ventricular tachyarrhythmia was uninducible, the same 
protocol was repeated under isoproterenol infusion. The 
stimulation was performed at 2 sites of the right ventri- 
cle and 1 site of the left ventricle. 


RESULTS 

Clinical characteristics: Six patients had no history 
of chest pain and 3 of them had >1 episode of syncopal 
attack. The remaining 8 patients proved to have a histo- 
ry of chest pain by careful interviewing but none of 
them had been diagnosed as having angina pectoris and 
none had received antianginal medical therapy before 
referral. In these 8 patients, syncopal attacks were pre- 
ceded by chest pain. In 2 patients, electrocardiographic 





recordings were obtained during or immediately after 
the syncopal episode and serious arrhythmias were ob- 
served (cardiac standstill in 1 and complete atrioventric- 
ular block in the other). Six patients experienced cardio- 
vascular collapse during the syncopal episode (Table I). 

The results of methylergonovine test: The methyl- 
ergonovine test was positive in 9 patients, 5 of whom 
had a history of chest pain and 4 did not. In 6 of these 9 
patients, the degree of coronary narrowings after meth- 
ylergonovine was 99 or 100%, and chest pain and isch- 
emic electrocardiographic change was observed. In 1 
patient, whose electrocardiogram was obtained during 
the syncopal episode, cardiac standstill was demon- 
strated and cardiac standstill and syncope were pro- 
duced during the test. Multivessel coronary spasms were 
found in 3. In 7 of 9 patients with positive results, the 
sites of the provoked spasms were the coronary arteries 
supplying the inferior wall (Table I). 

Coronary arteriography obtained after isosorbide 
dinitrate was normal in 9 patients and showed fixed ste- 
nosis of 25 to 52% in 5 patients (Table I). 

Results of electrophysiologic study: Monomorphic 
ventricular tachycardia was not induced but polymor- 
phic ventricular tachycardia was induced in 2 patients. 
One of them also had coronary spasm induced by the 
methylergonovine test (Table I). No patient had sinus 
node dysfunction or showed abnormal atrioventricular 


conduction. 
Initial side 
provocation 
| EM 50ug IC in 5min 


3 min 


ISDN O.5mg IC 


Another side 
provocation 


EM 50 ug IC in 5min 


| 3 min 





ISDN 2mg IC in each 
coronary arteries 


ae 


Diagnostic CAG 


FIGURE 1. Protocol of the methylergonovine (EM) provocation 
test. EM was selectively administered into the coronary ar- 
tery. CAG = coronary arteriography; IC = intracoronary; 
ISDN = isosorbide dinitrate. 
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DISCUSSION 

Ventricular tachyarrhythmia has been reported to 
play an important role in the genesis of unexplained 
syncope.'-9 In the present study, only polymorphic ven- 
tricular tachycardia was induced in 2 of the 6 patients 
who underwent electrophysiologic study. The clinical 
significance of induced polymorphic ventricular tachy 
cardia remains undetermined, especially in patients who 
have no organic heart disease.?^9 Because no patient had 
organic heart disease in our study, electrophysiologic 
testing may have only limited usefulness in the present 
study. 

No previous reports have described the possibility 
that coronary spasm could be a cause of unexplained 
syncope.^? In the present study, coronary spasm was 
induced in 9 of 14 patients with unexplained syncope by 
the methylergonovine test. Josephson et al!^ reported 
that only 1 patient had coronary artery spasm among 
52 patients with cardiac arrest (coronary artery disease 
was identified in 71%). Atherosclerotic coronary artery 
disease in Japan is less frequent than in the United 
States and vasospastic angina is one of the most fre- 
quent cardiovascular diseases in Japan.'!:!>-'° These fac- 
tors may explain the difference between our data and 
those of Western countries. Sudden death has been 
identified in 41 to 7196 of cardiac deaths in vasospastic 
angina.'’ ?? Although the relation between syncope and 
sudden death in patients with vasospastic angina re- 
mains unclear, syncope can be followed by sudden 
death. 

It has been reported that only 3296 of ischemic elec- 
trocardiographic changes are accompanied by chest 
pain and that chest pain appeared 72 minutes after the 
onset of ST-segment elevation.^?! Heupler* reported 
that 796 of patients with variant angina experienced syn- 
cope without chest pain. In the present study, 4 of 9 
patients with a positive methylergonovine test had no 
history of prior chest pain, but 2 of them developed mild 
chest pain and electrocardiographic changes during the 
provocation test. These 2 patients had become pulseless, 
apneic and unresponsive during the syncopal episode 
and required cardiopulmonary resuscitation. A possible 
reason why they had no history of chest pain is that a 
memory loss might have occurred due to persistent un- 
consciousness. Another possible cause of the painless- 
ness is that serious arrhythmia may have occurred be- 
fore chest pain and syncope developed because a high 
prevalence of silent myocardial ischemia, which is asso- 
ciated with serious arrhythmia, is known to occur in 
vasospastic angina.^.! ^.!5 

Serious arrhythmia has been reported to occur in pa- 
tients with vasospastic angina who suddenly died or de- 
veloped syncope.! ^.!* In our study, an electrocardiogram 
during syncope was recorded in 2 patients and one of 
them developed cardiac standstill and unconsciousness 
during the provocation test. The other 8 patients did not 
develop syncope during the test. We assume that the 
ischemia induced by methylergonovine may be less se- 
vere, or of shorter duration compared to spontaneous 
attack, because the spasm was promptly relieved after 
recognition by coronary arteriography. As a mechanism 
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of syncope in vasospastic angina, electromechanical dis- 
sociation due to multivessel spasms has been reported,” 
and multivessel spasm was the most important factor 
influencing survival. In our patients, multivessel 
spasms were observed in 3 of 9 patients. As another 
possible mechanism of syncope in vasospastic angina, 
stimulation of inhibitory cardiac receptors by inferior 
wall ischemia, which causes cardiac arrest or hemody- 
namic collapse, may be involved in syncope.” Coronary 
spasm was induced in the arteries supplying the inferior 
wall in 7 of 9 patients. 

Life-threatening complications and even death have 
been reported to occur during spasm provocation tests 
by intravenous injection of ergonovine, especially in 
patients with a history of syncope or multivessel 
spasni.?227^2? [n the present study, only 1 patient devel- 
oped cardiac standstill and unconsciousness with ST- 
segment elevation in the inferior leads, but rapidly re- 
turned to the basal state after intracoronary administra- 
tion of isosorbide dinitrate. Thus, the method of 
intracoronary administration of methylergonovine is ef- 
fective and safe for the evaluation of the reactivity of 
coronary arteries.!? 

The results suggest that coronary vasospasm is in- 
volved in unexplained syncope. Accurate diagnosis is 
important to prevent not only the recurrence of syncope 
but also sudden death. 
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Prognostic Significance of Silent Myocardial 
Ischemia on a Thallium Stress Test 


Louis |. Heller, MD, Mary Tresgallo, RN, Robert R. Sciacca, EngScD, David K. Blood, MD, 
David W. Seldin, MD, and Lynne L. Johnson, MD 


The clinical significance of silent ischemia is not 


fully known. The purpose of this study was to de- 
termine whether the presence or absence of angina 
during a thallium stress test positive for ischemia 
was independently predictive of an adverse out- 
come. Two hundred thirty-four consecutive patients 
with ischemia on a thallium stress test were identi- 
fied. Ischemia was defined as the presence of de- 
fect(s) on the immediate postexercise scans not in 
the distribution of prior infarctions that redistribut- 
ed on 4-hour scans. During the test 129 patients 
had angina, defined as characteristic neck, jaw, 
arm, back or chest discomfort, while the remaining 
105 patients had no angina. Follow-up ranged from 
2 to 8.2 years (mean 5.2 + 2.1) and was success- 
fully obtained in 156 patients. Eighty-two of the 
156 patients had angina (group A) and 74 had si- 
lent ischemia (group S). Group A patients were sig- 
nificantly older (62 + 8 vs 59 + 8 years, p «0.05). 
There was no significant difference between the 2 
groups in terms of sex, history of prior infarction or 
presence of left main/3-vessel disease. A larger 
percentage of patients in group A were receiving 8 
blockers (60 vs 4196, p «0.05) and nitrates (52 vs 
36%, 0.05 « p <0.10). There was a large number 
of cardiac events (myocardial infarction, revascu- 
larization and death) in both groups (37 of 82 
[45%] in group A; 28 of 72 [38%] in group S) but 
no statistically significant difference between the 
groups. Similarly, life-table analysis revealed no 
difference in mortality between the 2 groups. Thus, 
patients who show symptoms of angina during ex- 
ercise-induced ischemia do not have a significantly 
different risk than those without pain. 

(Am J Cardiol 1990;65:718-721) 
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chest pain has been called silent ischemia and has 

been well documented during stress testing, on 
continuous electrocardiographic monitoring during ev- 
eryday activities and in patients hospitalized with unsta- 
ble angina.'? Evidence that painless ST-segment 
changes reflect true myocardial ischemia comes from 
catheterization studies showing reductions in regional 
blood flow and from nuclear imaging studies showing 
regional wall motion abnormalities on gated blood pool 
imaging or decreased myocardial perfusion as measured 
by rubidium-82 with positron tomographic imaging or 
thallium-201 scintigraphy.^? Indirect evidence is the 
occurrence of as many as 30% of myocardial infarctions 
in the absence of chest pain.!?:!! 

Episodes of ST-segment shift recorded on Holter 
monitor in the absence of anginal pain have been found 
to occur frequently in patients admitted to the hospital 
with unstable angina.’ The prognosis of patients with 
unstable angina and silent ischemia, detected on low- 
level exercise stress testing or by continuous ST-seg- 
ment analysis, has been shown to be worse than in un- 
stable angina patients without silent ischemia.*.? The 
significance of exercise-induced ischemia occurring in 
the absence of angina in a stable outpatient population 
referred to rule out coronary artery disease or to evalu- 
ate chronic stable angina is unclear. Therefore, we ex- 
amined such a population to determine whether the 
presence or absence of chest pain during a positive thal- 
lium stress test has prognostic significance. 


Sa ST depression in the absence of 


METHODS 

Study population: The study population consisted of 
234 patients who had thallium exercise tests positive for 
ischemia between the years 1981 and 1983. 

Thallium stress testing: [t was a general practice in 
our laboratory in 1981 to 1983 to recommend that med- 
ications be withheld 12 hours before stress testing. The 
electrocardiogram and blood pressure were recorded in 
the supine and upright positions and during hyperventi- 
lation. During the exercise and recovery periods the 
electrocardiogram was recorded every minute and the 
blood pressure was measured at 3-minute intervals. 
Treadmill exercise was performed using a Bruce or 
modified Bruce protocol. Exercise was ended if fa- 
tigue, progressive angina, hypotension, dyspnea, claudi- 
cation or sustained ventricular tachycardia occurred. 
Angina was defined as throat discomfort or as a sensa- 
tion of tightness or pressure localized to the chest, arm, 
back or neck. The electrocardiogram criterion for 
ischemia was ST depression that was horizontal or 








downsloping and 21 mm below baseline. The electro- 
cardiogram was also considered positive for ischemia if 
there was 2-mm ST depression below baseline in the 
presence of an abnormal baseline electrocardiogram. 

A 2.5 mCi dose of thallium-201 was injected 
through an antecubital vein 1 minute before the end of 
the exercise portion of the test. The patient was ob- 
served in the supine position for a 4-minute recovery 
period and planar thallium imaging was then started. 
Postexercise (5 minutes) and redistribution (3 to 4 
hours) imaging was performed in the 30° left anterior 
oblique, anterior and 60° left anterior oblique views. 
Ten-minute acquisitions were performed on the initial 
scans and 12-minute acquisitions on the redistribution 
scans. Qualitative interpretations were performed by 
consensus of a group of 3 observers. Ischemia was con- 
sidered to be present if a significant defect was present 
in 22 views on the postexercise images and if the defect 
completely or almost completely resolved on the redis- 
tribution images. 

Pulmonary thallium uptake was assessed in the ini- 
tial 30? left anterior oblique view and considered to be 
abnormal if visible after a 50% background subtraction. 
The perfusion scans were analyzed after image-by-im- 
age scaling and a lower threshold background subtrac- 
tion of 2096. All the imaging was performed on an An- 
ger camera (Picker Dynamo) using a general all-pur- 
pose collimator and 2096 windows centered on the 68 
and 170 keV photopeaks. 

Follow-up and data analysis: Follow-up of the pa- 
tients was obtained by chart review, telephone calls to 
the patients and sending questionnaires to the referring 
physicians. A thallium stress test was considered to be 
positive for ischemia if the scans met the above men- 
tioned criteria. A cardiac event was defined as a myo- 
cardial infarction or hospitalization for unstable angina, 
coronary artery bypass grafting or percutaneous trans- 
luminal coronary angioplasty. Total mortality from all 
causes was evaluated. Bypass surgery and angioplasty 
were considered events only if they occurred >3 months 
after the thallium stress test to exclude the possibility 
that the test results influenced the therapeutic decision. 
If multiple events occurred in the same patient, the first 
event was considered in the analysis. 

Group differences were analyzed by the ¢ test for 
continuous variables and by the Fisher’s exact test for 
discrete variables. Differences in survival curves be- 
tween groups were tested using the nonparametric pro- 
cedure described by Breslow.!^ 


RESULTS 

Comparison of the clinical variables in the patients 
with and without angina: Of the initial cohort of 234 
patients with ischemia on thallium scans 129 (55%) had 
angina and 105 (45%) had silent ischemia. This break- 
down does not differ from the 156 patients with follow- 
up; 82 (53%) had angina during the stress test and 74 
(47%) had silent exercise-induced ischemia. There was 
no significant difference between the group with angina 
and the silent ischemia group in sex, previous infarction 
or multivessel disease (Table I). Patients who had angi- 


Follow-up 
Age (yrs) 
Men 
Diabetes 


Previous myocardial 


infarction 


Multivessel disease 
Angiography data 


available 


% on B antagonists 


?6 on nitrates 
% on calcium 


82/129 
6248 
71/82 (87) 
16/82 (20) 
35/82 (43) 


37/56 (66) 
56/82 (68) 


49/81 (60) 
42/81 (52) 
24/81 (30) 


Silent 
Ischemia 
(%) 


74/105 
5948 
61/74 (82) 
14/74 (19) 
36/71 (51) 


27/44 (61) 
44/74 (59) 


30/74 (41) 
27 /74 (36) 
22/74 (30) 


p 
Value 


«0.05 
0.05 «p < 0.10 
NS 


antagonists 


HR (beats / min) 

HR (% predicted 
maximum) 

Systolic BP (mm Hg) 

Diastolic BP (mm Hg) 

Ischemic STs 

Increased pulmonary 
uptake 

Exercise time (min) 

Bruce time (min) 

TI 
Multiple defects 
Inferior ischemia 
Anterior ischemia 
Lateral ischemia 


121: 23 
723-13 


167 + 29 
913:13 
38/82 (46) 
4/79 (5) 


Ll EZA 
4.9 1 2.5 


27/82 (33) 
43/82 (52) 
41/82 (50) 
25/82 (30) 





Silent 
Ischemia 
(%) 


138 + 24 
81+14 


176 +34 
92 4 13 
25/74 (34) 
4/74 (5) 


9.42. 
67 €*3.1 


23/74 (31) 
45/74 (61) 
35/74 (47) 
17/74 (23) 


BP = blood pressure; HR = heart rate; NS = not significant; TI = thallium. 





na were more likely to be taking 6 blockers or nitrates 
and were significantly older (62 + 8 vs 59 + 8 years; p 
<0.05). There was no significant difference between the 
2 groups in the incidence of diabetes mellitus. More pa- 
tients in group A than in group S were referred for the 
stress thallium test for evaluation of angina (54 of 82 
[66%] vs 16 of 74 [22%], p «0.01). More patients in 
group S than group A had the test ordered to evaluate 
postinfarction status (18 of 74 [24%] vs 4 of 82 [5%], p 
<0.01). There was no difference between the 2 groups 
in the number of patients referred for evaluation of 
atypical chest pain (19 of 82 vs 24 of 74). 

Comparison of the stress thallium variables in the 
patients with and without chest pain: The angina group 
had a significantly lower peak heart rate, lower peak 
systolic blood pressure and shorter exercise time (Table 
II). These differences can be explained by the fact that 
exercise was ended due to progressive chest pain. There 
was no difference between the 2 groups in the number 
or location of thallium scan defects. 

Comparison of the clinical outcome in the patients 
with and without chest pain: There was no difference in 
cardiac events defined as myocardial infarction, angio- 
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Silent 
Ischemia 


(%) 


37 /82 (45) 28/74 (38) 









MI 7/82 (9) 7/74 (9) NS 
CABG 19/82 (23) 11/74 (15) NS 
PTCA 6/82 (7) 4/74 (5) NS 
Deaths 19/82 (23) 13/74 (18) NS 










CABG - coronary artery bypass graft; MI — myocardial infarction; NS = not 
significant; PTCA = percutaneous transluminal coronary angioplasty. 





plasty and bypass surgery between the 2 groups (Table 
III). Similarly, survival analysis revealed no significant 
difference in mortality (Figure 1). 


DISCUSSION 

Silent ischemia has been documented during daily 
activities in patients with known coronary disease, in the 
setting of unstable angina in hospitalized patients and 
during exercise testing. The mechanisms for the occur- 
rence of silent ischemia in the setting of unstable (rest) 
angina or during daily activities is probably different 
from those operating during exercise-induced ischemia. 
At rest asymptomatic ST changes may occur in the ab- 
sence of preceding elevations in double product thresh- 
olds and, within any single patient, at variable double 
product thresholds.*!5!6 In contrast, exercise-induced 
ischemic ST changes occur at a reproducible double 
product threshold. The pathophysiologic trigger in silent 
angina at rest is probably a transient reduction in coro- 
nary flow.!6 Acute flow reduction may be due to spasm 
or platelet aggregation at the site of a plaque or platelet 
emboli showered downstream. !7-!8 

The prognostic and therapeutic implications of silent 
ischemia occurring at rest in patients with unstable an- 
gina have been documented in several studies.^? The 
occurrence of painless episodes of ST depression is asso- 
ciated with a poorer prognosis than the absence of pain- 
less ischemia.5? Silent ischemia occurring during daily 
life and detected in the ambulatory outpatient setting 
may also identify a high-risk subset.° 
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The prognostic significance of silent ischemia during 
an exercise stress test is less clear. In the postmyocardial 
infarction patient a positive low-level treadmill stress 
test identifies a high-risk subset regardless of whether 
the patient reported chest discomfort during the test.! 
Weiner et al!? studied 880 Coronary Artery Surgery 
Study registry patients with documented coronary ar- 
tery disease. They found that patients with either silent 
or symptomatic ischemia during exercise testing have a 
similar risk of developing an acute myocardial infarc- 
tion or sudden death, except in the subgroup with 3- 
vessel disease, where the risk was greater in the group 
with silent ischemia. Righetti et al? compared 242 pa- 
tients showing ischemia on exercise thallium-201 scin- 
tigraphy. One hundred thirty-six of these patients did 
not have angina during exercise and the average follow- 
up was 60 months. During the follow-up period cardiac 
mortality, unstable angina and myocardial infarction 
were found with the same frequency in patients with 
angina and patients without angina. 

The results of our study agree with these latter 2 
studies and suggest that the presence or absence of an- 
gina during a thallium stress test positive for ischemia is 
not an independent risk factor for a poor prognosis. This 
similarity in prognosis between the 2 groups occurred 
despite some clinical differences. There was a small but 
significant difference in age between the 2 groups (62 vs 
59 years). The difference in medical therapy between 
the 2 groups is not unexpected because the angina 
group was more symptomatic. Although £ blockers and 
nitrates may improve prognosis in patients with angina, 
existing data also suggest 8 blockers actually are associ- 
ated with a poorer outcome in patients undergoing thal- 
lium stress tests.) Treadmill time was significantly 
shorter in the angina group. The occurrence of chest 
pain will shorten exercise but previous studies that ex- 
amined the relation of treadmill time and prognosis did 
not separate patients on the basis of symptoms. Despite 
the shorter exercise time and lower double products in 
the angina group, there was no difference between the 2 
groups in the extent of ischemic myocardium measured 
by the number and location of reversible defects, the 


FIGURE 1. Survival curves for patients 
with silent ischemia and those with 
angina. There was no significant 
difference in mortality between the 2 
groups. 








presence of increased lung thallium uptake or the depth 
of ischemic ST depressions on the Spee ca 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Influence of Ventricular Function and Presence 
or Absence of Coronary Artery Disease 
on Results of Electrophysiologic Testing 
for Asymptomatic Nonsustained Ventricular 
Tachycardia 


Stephen C. Hammill, MD, Jane M. Trusty, RN, Douglas L. Wood, MD, Kent R. Bailey, PhD, 
Pierce J. Vatterott, MD, Michael J. Osborn, MD, David R. Holmes, Jr., MD, 
and Bernard J. Gersh, MB, ChB, DPhil 


One hundred ten patients with asymptomatic non- 


sustained ventricular tachycardia (VT) were evalu- 
ated prospectively to assess the value of electro- 
physiologic testing. This testing consisted of up to 
3 extrastimuli delivered during 3 drive cycle 
lengths from 2 right ventricular sites. A positive 
study was defined as monomorphic VT lasting 30 
seconds or requiring cardioversion. Patients with a 
positive study were treated, and serial drug testing 
was done. An event during follow-up was sustained 
VT or cardiac arrest. The mean follow-up was 15 
months. Of 57 patients with an ejection fraction 
>40%, 6 had a positive electrophysiologic test with 
1 event and 51 had a negative test with 1 event. 
Twenty-eight patients had an ejection fraction 
<40% and coronary artery disease: 14 had a posi- 
tive test with 1 event, and 14 had a negative test 
with 3 events. Twenty-five patients had an ejection 
fraction <40% and no coronary artery disease: 1 
had a positive test with no events, and 24 had a 
negative test with 8 events. Only ejection fraction 
and congestive heart failure class were found to be 
independent predictors of outcome. Patients with 
an ejection fraction >40% had low inducibility 
(11%), had few events (3.5%) and did not require 
electrophysiologic testing. In patients with an ejec- 
tion fraction <40% and coronary artery disease, 
inducibility was high (50%) and a negative study 
was of no value. Patients with an ejection fraction 
<40% and no coronary artery disease had low in- 
ducibility (4%), had frequent events (33%) and did 
not benefit from electrophysiologic testing. 

(Am J Cardiol 1990;65:722-728) 
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tomatic nonsustained ventricular tachycardia 

(VT) and deciding who requires therapy are 
difficult issues. The problem should not be viewed as a 
single clinical syndrome or isolated entity; the popula- 
tion at risk can be categorized according to the duration 
and rate of the arrhythmia, left ventricular function, 
presence or absence of symptoms and cause of underly- 
ing cardiac disease. Patients with nonsustained VT 
without appreciable organic heart disease appear to 
have a good prognosis.! In contrast, nonsustained VT is 
known to be an independent risk factor for sudden car- 
diac death in patients with heart disease." There is a 
lack of data to support the premise that the use of anti- 
arrhythmic drugs in patients with complex ventricular 
ectopy improves prognosis, and therapy may actually be 
associated with a higher incidence of sudden death in 
this group of patients because of the known proarrhyth- 
mic effects of antiarrhythmic drugs.*’ Establishing 
which patients with nonsustained VT are at risk for sud- 
den cardiac death would be helpful, since the focus 
would be on those who may benefit from antiarrhyth- 
mic therapy. 

Electrophysiologic testing has been proven a useful 
guide to therapy in patients with sustained VT and pa- 
tients surviving cardiac arrest.'9!' Electrophysiologic 
testing may be of benefit in patients with nonsustained 
VT, allowing identification of patients who are at risk 
for an arrhythmic event; however, the results to date on 
the predictive value of electrophysiologic testing in these 
patients are contradictory and the individual series are 
small.?-!? This study describes 110 patients with 
asymptomatic nonsustained VT who were entered into a 
prospective evaluation of the usefulness of programmed 
ventricular stimulation to assess prognosis, with atten- 
tion to the influence of other factors, such as left ven- 
tricular function and the presence and cause of cardiac 
disease. 


I) etermining the prognostic importance of asymp- 


METHODS 

Patient population: One hundred ten consecutive pa- 
tients (94 men, 16 women) aged 25 to 85 years (mean 
63) with nonsustained VT were studied prospectively 
with programmed ventricular stimulation from Decem- 
ber 1985 to July 1987 after giving informed consent. 


y^ 








Ejection Fraction 





<40% 
Chi-Square 
p Value 













Sex (M/F) 85/15 85/15 










' Tetralogy of Fallot (1 patient) and Ebstein's anomaly (1 patient). 
NS = not significant. 


Coronary artery disease 
Asymptomatic 20 18 10 19 10 18 NS 
Symptomatic 39 35 18 34 21 37 NS 
Angina NS 
Classes |, II 18 16 8 15 10 18 
Classes III, IV 14 13 6 11 8 14 
Congestive heart failure 0.004 
Classes |, Il 15 14 11 21 4 7 
Classes Ill, IV 13 12 10 19 3 5 
Previous myocardial infarction 47 43 30 57 17 30 0.02 
Left ventricular aneurysm 8 7 8 15 0 0 <0.01 
Valvular heart disease* 10 9 6 11 4 7 NS 
Mitral valve prolapse 9 8 0 0 9 16 <0.01 
Congenital heart disease! 2 2 0 0 2 2 NS 
Dilated cardiomyopathy 27 25 23 43 4 7 «0.0001 
Previous cardiac surgery 33 30 19 36 14 25 NS 


* Aortic stenosis (5 patients), aortic insufficiency (2 patients) and mitral insufficiency (3 patients). 


TABLE II Values (Mean + Standard Deviation) for Spontaneous Ventricular Tachycardia and Ejection Fraction 


Spontaneous Ventricular Tachycardia 


Patients Beats /min 


All 151425 
Ejection fraction 
<40% 151+ 26 
240% 152 + 24 


NS 


Ejection Fraction 
Maximum No. of Beats (96) 





NS = not significant. 


The patients said they had not had palpitations, near- 
syncope, syncope or previous cardiac arrest. No patient 
had a myocardial infarction within 3 months of the elec- 
trophysiologic study. The mean duration of VT was 6 
beats (range 3 to 32), and the mean rate was 151 beats/ 
min (range 100 to 200). VT was documented during 
ambulatory or in-hospital monitoring in the absence of 
antiarrhythmic medications. Left ventricular ejection 
fraction was determined by contrast or radionuclide an- 
giography or echocardiography. Criteria for the diagno- 
sis of coronary artery disease included either (1) a 70% 
reduction in coronary artery luminal diameter of at 
least 1 major coronary vessel at coronary angiography, 
(2) history of myocardial infarction, (3) an abnormal 
electrocardiogram or stress electrocardiogram consis- 
tent with ischemia or infarction or (4) history of typical 
exertional angina pectoris. Dilated cardiomyopathy was 
defined as a global reduction in left ventricular function 
(ejection fraction <50%) in the absence of coronary ar- 
tery disease. Follow-up information was obtained in all 
patients by questionnaire or telephone contact. The 
mechanism of all deaths was assessed by review of the 
hospital or emergency room records or the death certifi- 
cate. 

Programmed ventricular stimulation: All studies 
were performed with the patient in the nonsedated, 


postabsorptive state.!6!" Administration of antiarrhyth- 
mic drugs had been discontinued for at least 5 half-lives 
before ventricular stimulation. A standard quadripolar 
catheter was placed in the apex of the right ventricle, 
and cardiac stimulation was achieved with a stimulus of 
2-ms duration and current strength of twice diastolic 
threshold. The stimulation sequence included the intro- 
duction of extrastimuli during sinus rhythm and 2 ven- 
tricular paced rhythms (usually cycle lengths of 600 
and 400 ms), beginning with a single extrastimulus 
scanning diastole in 20-ms decrements until the ventric- 
ular refractory period was reached. The first stimulus 
was then advanced by 40 ms, and a second stimulus 
scanned diastole until refractoriness was reached. If sus- 
tained monomorphic VT was not induced with paired 
extrastimuli delivered during sinus and paced rhythm, a 
third extrastimulus was introduced scanning diastole. 
The procedure was repeated from the right ventricular 
outflow tract if no ventricular arrhythmias were in- 
duced from the right ventricular apex. 

Antiarrhythmic drug therapy: Patients who had in- 
ducible sustained monomorphic VT underwent serial 
electropharmacologic studies so that an effective treat- 
ment regimen could be determined. An effective treat- 
ment regimen was defined as administration of a drug 
or combination of drugs that prevented induction of sus- 
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tained monomorphic VT or that prolonged the cycle 
length of induced sustained monomorphic VT such that 
the tachycardia was tolerated without significant hemo- 
dynamic alteration despite remaining in effect for at 
least 5 minutes while the patient was in the upright po- 
sition. Amiodarone was used as the final antiarrhythmic 
agent when other drugs failed to prevent tachycardia 
induction, and electrophysiologic testing was repeated 
after a loading dose of 1,200 mg/day for 10 days. Pa- 


EF <40, CHF class | and Il 


P<0.0001 


tients who continued to have hemodynamically signifi- 
cant VT induced while receiving amiodarone nonethe- 
less received this therapy after dismissal. Some patients 
who had a negative electrophysiologic study were placed 
empirically on antiarrhythmic drug therapy by their re- 
ferring physicians. 

Definitions: Sustained monomorphic VT was a 
tachycardia of uniform morphologic type lasting a mini- 
mum of 30 seconds or requiring cardioversion for termi- 
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FIGURE 1. Kaplan-Meier survival curves 
for ejection fraction and a history of con- 
gestive heart failure, which were identified 
as the only independent predictors of over- 
all death (A), cardiac death (B) and 
arrhythmic event (C). The survival curves 
were compared using a log-rank test. CHF 
— congestive heart failure; EF — ejection 
fraction. 





nation because of hemodynamic collapse. A positive 
electrophysiologic test was inducible sustained mono- 

morphic VT. A negative electrophysiologic test was 
~ noninducible arrhythmia, nonsustained monomorphic 
VT (from 3 beats to <30 seconds’ duration), ventricular 
fibrillation or polymorphic VT. Sudden death was death 
within 1 hour of the onset of symptoms in a patient free 
of hemodynamic collapse or myocardial infarction in 
the preceding 24 hours. An arrhythmic event during fol- 
low-up was sustained monomorphic VT requiring termi- 
nation in the emergency room or by paramedics, or sud- 
den death. 

Statistical analysis: We used Cox regression to as- 
sess the possible association of clinical (Table I) and 
electrophysiologic study variables with time to sudden 
death or spontaneous sustained VT, cardiac deaths and 
all deaths. 

Univariate Cox regressions on each variable and a 
forward stepwise procedure on all variables were per- 
formed. For those variables found to be associated with 
prognosis, stratified Kaplan-Meier survival curves were 
computed and plotted. 


RESULTS 

The distribution of baseline variables is listed in Ta- 
bles I and II. Only a history of congestive heart failure 
and ejection fraction were found to be independent pre- 
dictors of death, cardiac death and arrhythmic events 
during follow-up (Table III). Congestive heart failure 
class further subdivided patients with an ejection frac- 
tion of <40% into those with a worse prognosis (Figure 
1). 

Patients with an ejection fraction above 40%: Fif- 
ty-seven patients had an ejection fraction 240%, with a 
mean of 53 + 9% (Figure 2). Of the 57 patients, 6 
(11%) had a positive electrophysiologic study and 51 
(89%) had a negative result. There were 2 arrhythmic 
events, 1 cardiac death due to acute myocardial infarc- 
tion and ] noncardiac death during a mean of 17.4 
months of follow-up in these patients. One arrhythmic 
event (sustained VT) occurred in a patient with a posi- 
tive electrophysiologic study who was treated with ami- 
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FIGURE 2. Results of electrophysiologic testing and long-term follow-up in 57 patients with an ejection fraction (EF) >40%. EP 


= electrophysiologic testing; VT = ventricular tachycardia. 
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TABLE Ill Independent Predictors of Outcome (Cox 
Regression) 


Congestive Heart 


Failure History Ejection Fraction 


Chi-Square p Value 


Chi-Square p Value 


Outcome 


All deaths 
Cardiac death 
Arrhythmic event 





odarone, and the other arrhythmic event (sudden death) 
occurred in a patient with a negative electrophysiologic 
study who was not receiving treatment. 

Patients with an ejection fraction below 4096: Fif- 
ty-three patients had an ejection fraction «40906, with a 
mean ejection fraction of 26 + 7% (Figure 3). Twenty- 
eight patients had coronary artery disease (mean ejec- 
tion fraction of 28 + 7%): 14 patients had a positive 
electrophysiologic study (50%) and were treated by seri- 
al electropharmacologic testing, and 1 of them (7%) 
died suddenly; 14 patients (5096) had a negative electro- 
physiologic study, and 3 of them (2196) died suddenly at 
1, 4 and 9 months after the electrophysiologic study. 
The 14 patients with a positive electrophysiologic study 
had a mean cycle length of VT of 255 + 28 ms at the 
baseline study and a length of 328 + 42 ms (p <0.001) 
at the final electrophysiologic study while receiving 
antiarrhythmic drug therapy. 

Twenty-five patients had no coronary artery disease; 
24 of them had a dilated cardiomyopathy and 1 had 
valvular heart disease (mean ejection fraction, 25 + 
7%). Only 1 patient (4%) had a positive electrophysio- 
logic study; treatment was with amiodarone, and no ar- 
rhythmic events occurred during follow-up. Twenty- 
four patients (96%) had a negative electrophysiologic 
study; 3 patients had spontaneous sustained monomor- 
phic VT and 5 died suddenly during follow-up (33% ar- 
rhythmic event rate). 

Relation of antiarrhythmic drug therapy to subse- 
quent arrhythmic events: Table IV and Figures 2 and 3 
show the antiarrhythmic drug therapy and subsequent 
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1A = quinidine, procainamide, disopyramide; arrhythmic events = sudden death or sustained monomorphic tachycardia; 1B = mexiletine, tocainide; 1C = flecainide, propafenone; 
CAD = coronary artery disease; EF = ejection fraction; EP+ = induced sustained monomorphic ventricular tachycardia; EP— = induced nonsustained monomorphic ventricular 
tachycardia, polymorphic ventricular tachycardia, ventricular fibrillation or no arrhythmia induced; Non-CAD = valvular heart disease, dilated cardiomyopathy. 


antiarrhythmic events. Patients with a positive electro- 
physiologic study had the drug selected by electrophysi- 
ologically guided serial drug testing, and patients with a 
negative electrophysiologic study received no treatment 
or drugs selected by the referring physician despite the 
negative study. 

Among patients with an ejection fraction 240%, 
there was | arrhythmic event in a patient receiving ami- 
odarone who had a positive electrophysiologic study and 
1 arrhythmic event in a patient not receiving drug 


Non-CAD 
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therapy who had a negative electrophysiologic study. 
Among patients with an ejection fraction <40% and 
coronary artery disease, there was | arrhythmic event in 
a patient receiving amiodarone who had a positive elec- 
trophysiologic study and 3 arrhythmic events in patients 
not receiving drug therapy who had a negative electro- 
physiologic study. Among patients with an ejection frac- 
tion <40% and no coronary artery disease, 7 arrhythmic 
events occurred in patients not receiving drug therapy 
and 1 arrhythmic event in a patient receiving amioda- 
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FIGURE 3. Results of electrophysiologic testing and long-term follow-up in 53 patients with an ejection fraction (EF) «40976. 
CAD = coronary artery disease; EP = electrophysiologic testing; VT = ventricular tachycardia. 
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rone, all of whom had negative electrophysiologic stud- 
les. 

Survival analysis: Ejection fraction and New York 
Heart Association congestive heart failure class were 
found to be the only 2 independent predictors of death, 
cardiac death and arrhythmic events during follow-up 
(Table III). Presence of ventricular aneurysm, nonsus- 
tained or sustained VT induced at electrophysiologic 
study, response to serial drug testing, rate or duration of 
spontaneous VT and use of amiodarone did not predict 
outcome. 


DISCUSSION 

Survival in patients with nonsustained ventricular 
tachycardia: The overall low incidence of sudden death 
(7%) in the current study is consistent with the 9 to 12% 
incidence of sudden death in previous reports describing 
similar patients.!*-'> Our subgroup of patients with di- 
lated cardiomyopathy and an ejection fraction <40% 
had a 2096 incidence of sudden death. This high inci- 
dence of sudden death during follow-up has been report- 
ed by others.^6.8-2! 

Electrophysiologic testing in patients without coro- 
nary artery disease: Our study is consistent with previ- 
ous reports,?^?? indicating that electrophysiologic test- 
ing has a low incidence of inducible arrhythmias in pa- 
tients with dilated cardiomyopathy, even though these 
patients subsequently have a high risk for sudden cardi- 
ac death or sustained monomorphic VT. Sustained 
monomorphic VT was induced in only 446 of patients, 
and 33% had an arrhythmic event during follow-up. 

Electrophysiologic testing in patients with coronary 
artery disease: Electrophysiologically guided antiar- 
rhythmic therapy in patients with coronary artery dis- 
ease and inducible sustained VT accurately identifies 
the effectiveness of an antiarrhythmic drug regimen.!? 
This study was not designed to test the accuracy of elec- 
trophysiologic testing in predicting an effective drug 
regimen in patients with asymptomatic nonsustained 
VT and inducible sustained VT; however, the results did 
show a lower incidence of arrhythmic events during fol- 
low-up in these patients than in patients who did not 
have inducible arrhythmias and thus were not treated. 

Prognosis in patients with a negative electrophysio- 
logic study: In our study, the results of programmed 
ventricular stimulation did not identify a group at high 
or low risk for sudden death among patients with an 
ejection fraction «4096, since sudden death occurred at 
the same rate in all patients despite the ability or inabil- 
ity to induce sustained monomorphic VT. These results 
are consistent with those of others!?:!> who studied pa- 
tients with nonsustained VT and found no relation be- 
tween inducibility and survival, even among patients 
who had coronary artery disease. In contrast, Gomes et 
al'* found that programmed stimulation helped identify 
subsets of patients at high and low risk for sudden death 
among patients with high-grade ventricular ectopy. In 
their study, patients in whom VT was not inducible had 
an excellent 2-year survival rate and a low incidence of 
sudden death. The study by Gomes et al differed from 
ours: we studied only patients with nonsustained VT 
and we used triple extrastimuli, whereas Gomes et al 


used double ventricular extrastimuli and 7796 of their 
patients had coronary artery disease. 

Empiric antiarrhythmic therapy: Despite the nega- 
tive electrophysiologic study, certain patients were given 
antiarrhythmic drugs by their referring physicians (Ta- 
ble IV). We did not observe any suggestion of proar- 
rhythmia in patients receiving empiric treatment, al- 
though the numbers are small and empiric therapy 
occurred most often in the group with a level of ventric- 
ular function (ejection fraction 240%) associated with 
less proarrhythmia. 

Study limitations: A major limitation of this study is 
that patients who had inducible sustained monomorphic 
VT were treated with antiarrhythmic drugs selected by 
electrophysiologic testing without a control group. Thus, 
the incidence of arrhythmic events during follow-up in 
the absence of therapy is unknown. A larger number of 
patients with appropriate randomization would be need- 
ed to examine the role of electrophysiologic testing as 
guiding therapy in patients with asymptomatic nonsus- 
tained VT and a positive electrophysiologic study. 

Clinical implications: Patients with asymptomatic 
nonsustained VT and an ejection fraction 240% had 
low inducibility of sustained VT (11%) and 2 arrhyth- 
mic events during follow-up (3.5%). These patients ap- 
parently did not benefit from electrophysiologic testing 
and do not appear to require antiarrhythmic therapy. 
Patients with coronary artery disease and an ejection 
fraction <40% had an inducibility rate of 50%. A nega- 
tive electrophysiologic study in this group did not confer 
a good prognosis, because 21% of the patients died sud- 
denly. Patients with a dilated cardiomyopathy and ejec- 
tion fraction <40% had a low incidence of inducibility 
(4%), had a high occurrence of VT or cardiac arrest 
during follow-up (33%) and did not benefit from elec- 
trophysiologic testing. 
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nonionic media have a weaker inhibi- 
tory effect on clotting in vitro than 
ionic media!“ The new labeling 
changes recently required for con- 
trast media reflect this difference in 
anticoagulant properties between 
nonionic and ionic media. 

When using any contrast agent, 
good angiographic technique is 
essential. However, even when 
meticulous technique is applied, some 
| mixing of blood with contrast media in 
ib syringes and catheters is possible. 

Thromboembolic events have been 

reported during angiographic pro- 

cedures with both ionic and nonionic 
E contrast media. 
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The low-osmolality choice 

If you're looking for the safety and 
comfort of a low-osmolality contrast 
medium, without the increased risk of 
clotting in vitro, Hexabrix is an ideal 
choice. 

With the lowest osmolality (per mg 
iodine) of the low-osmolality agents, 
Hexabrix produces fewer hemody- 
namic changes, such as bradycardia 
or hypotension, than conventional 
agents?* More importantly, as an ionic 
medium, Hexabrix exerts a stronger 
inhibitory effect on clotting in vitro 
than the nonionics! 

This unique combination of benefits 
makes Hexabrix the low-osmolality 
choice for arteriography and PTCA. 
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HEXABRIX* 
Each milliliter of HEXABRIX contains 393 mg of ioxaglate 
meglumine, 196 mg of ioxaglate sodium and 0.10 mg edetate 
calcium disodium as a stabilizer. The solution contains 3.48 
mg (0.15 mEq) sodium in each milliliter and provides 32% 
(320 mg/mL) organically bound iodine. 


CONTRAINDICATIONS 
HEXABRIX is contraindicated for use in myelography. Refer to 
PRECAUTIONS concerning hypersensitivity. Hysterosalpin- 
gography should not be performed during the menstrua! 
period; in pregnant patients; in patients with known infection 
in any portion of the genital tract; or in patients in whom 
cervical conization or curettage has been performed within 
30 days. Arthrography should not be performed if infec- 
tion is present in or near the joint. 


WARNINGS 
lonic iodinated contrast media inhibit blood coagulation, in 
vitro, more than nonionic contrast media. Nonetheless, it is 
prudent to avoid prolonged contact of blood with syringes con- 
taining ionic contrast media. 

Serious, rarely fatal, thromboembolic events causing 
myocardial infarction and stroke have been reported during 
angiographic procedures with both ionic and nonionic contrast 
media. Therefore, meticulous intravascular administration 
technique is necessary, particularly during angiographic pro- 
cedures, to minimize thromboembolic events. Numerous 
factors, including length of procedure, catheter and syringe 
material, underlying disease state, and concomitant medica- 
tions may contribute to the development of thromboembolic 
events. For these reasons, meticulous angiographic tech- 
niques are recommended including close attention to guide- 
wire and catheter manipulation, use of manifold systems 
and/or three-way stopcocks, frequent catheter flushing 
with heparinized saline solutions and minimizing the length 
of the procedure. The use of plastic syringes in place of glass 
syringes has been reported to decrease but not eliminate 
the likelihood of in vitro clotting. 

As with any contrast medium, serious neurologic sequelae, 
including permanent paralysis, can occur following cerebral 
arteriography, selective spinal arteriography and arteriography 
of vessels supplying the spinal cord. The injection of a contrast 
medium should never be made following the administration 
of vasopressors, since they strongly potentiate neuro- 
logic effects. 

In patients with subarachnoid hemorrhage, a rare associa- 
tion between contrast administration and clinical deterioration, 
including convulsions and death, has been reported. 
Therefore, administration of intravascular iodinated contrast 
media in these patients should be undertaken with caution. 

A definite risk exists in the use of intravascular contrast 
agents in patients who are known to have multiple myeloma. |n 
such instances anuria has developed, resulting in progressive 
uremia, renal failure and eventually death. Although neither the 
contrast agent nor dehydration has separately proved to be the 
cause of anuria in myeloma, it has been speculated that the 
combination of both may be a causative factor. The risk in 
myelomatous patients is not a contraindication to the pro- 
cedure; however, partial dehydration in the preparation of 
these patients for the examination is not recommended since 
this may predispose to precipitation of myeloma protein in 
the renal tubules. No form of therapy, including dialysis, has 
been successful in reversing the effect. Myeloma, which 
occurs most commonly in persons over 40, should be con- 
sidered before instituting intravascular administration of 
contrast agents. 

Administration of radiopaque materials to patients known 
or suspected to have pheochromocytoma should be per- 
formed with extreme caution. It, in the opinion of the 
physician, the possible benefits of such procedures outweigh 
the considered risks, the procedures may be performed; 
however, the amount of radiopaque medium injected should 
be kept to an absolute minimum. The blood pressure should be 
assessed throughout the procedure, and measures for treat- 
ment of a hypertensive crisis should be available. 

Since intravascular administration of contrast media may 
promote sickling in individuals who are homozygous for sickle 
cell disease, fluid restriction is not advised. 

In patients with advanced renal disease, iodinated contrast 
media should be used with caution and only when the need for 
the examination dictates, since excretion of the medium may 
be impaired. Patients with combined renal and hepatic 
disease, those with severe hypertension or congestive heart 
failure and recent renal transplant recipients present an 
additional risk. 

Renal failure has been reported in patients with liver 
dysfunction who were given an oral cholecystographic agent 
followed by an intravascular iodinated radiopaque agent and 
also in patients with occult renal disease, notably diabetics and 
hypertensives. In these classes of patients there should be no 
fluid restriction and every attempt made to maintain normal 
hydration prior to contrast medium injection, since dehydra- 
tion is the single most important factor influencing further 
renal impairment. 

Caution should be exercised in performing contrast 
medium studies in patients with endotoxemia and/or those 
with elevated body temperatures. 

Reports of thyroid storm occurring following the intra- 
vascular use of iodinated radiopaque agents in patients with 
hyperthyroidism or with an autonomously functioning thyroid 
nodule, suggest that this additional risk be evaluated before 
use of this drug. lodine-containing contrast agents may alter 
the results of thyroid function tests which depend on iodine 
estimation, e.g., PBI, and may also affect results of radioactive 
iodine uptake studies. Such tests, if indicated, should be per- 
formed prior to the administration of this preparation. 


PRECAUTIONS 

Diagnostic procedures which involve the use of iodinated 
intravascular contrast agents should be carried out under the 
direction of personnel skilled and experienced in the particular 
procedure to be performed. All procedures utilizing contrast 
media carry a definite risk of producing adverse reactions. 
While most reactions are minor, life-threatening and fatal reac- 
tions may occur without warning, and this risk must be 
weighed against the benefit of the procedure. A fully equipped 
emergency cart, or equivalent supplies and equipment, and 
personnel competent in recognizing and treating adverse reac- 
tions of all types should always be available. If a serious reac- 
tion should occur, immediately discontinue administration. 
Since severe delayed reactions have been known to occur, 
emergency facilities and competent personnel should be avail- 
able for at least 30 to 60 minutes after administration. (See 
ADVERSE REACTIONS.) 

Preparatory dehydration is dangerous and may contribute 
to acute renal failure in infants, young children, the elderly, 
patients with pre-existing renal insufficiency, patients with 


multiple myeloma, patients with advanced vascular disease. 


and diabetic patients. 
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Acute renal failure has been reported in diabetic patients 
with diabetic nephropathy and in susceptible non-diabetic 
patients (often elderly with pre-existing renal disease) follow- 
ing the administration of iodinated contrast agents. Therefore, 
careful consideration of the potential risks should be given be- 
fore performing this radiographic procedure in these patients. 

Severe reactions to contrast media often resemble allergic 
responses. This has prompted the use of several provocative 
pretesting methods, none of which can be relied on to predict 
severe reactions. No conclusive relationship between severe 
reactions and antigen-antibody reactions or other man- 
ifestations of allergy has been established. The possibility of an 
idiosyncratic reaction in patients who have previously received 
a contrast medium without ill effect should always be consid- 
ered. Prior to the injection of any contrast medium, the patient 
should be questioned to obtain a medical history with empha- 
sis on allergy and hypersensitivity. A positive history of bron- 
chial asthma or allergy (including food), a family history of 
allergy, or a previous reaction or hypersensitivity to a contrast 
agent may imply a greater than usual risk. Such a history may 
be more accurate than pre-testing in predicting the potential for 
reaction, although not necessarily the severity or type of reac- 
tion in the individual case. A positive history of this type does 
not arbitrarily contraindicate the use of a contrast agent when à 
diagnostic procedure is thought essential, but does call for 
caution. (See ADVERSE REACTIONS.) 

Prophylactic therapy including corticosteroids and anti- 
histamines should be considered for patients who present with 
a strong allergic history, a previous reaction to a contrast 
medium, or a positive pre-test since in these patients the inci- 
dence of reaction is two to three times that of the general 
population. Adequate doses of corticosteroids should be 
started early enough prior to contrast medium injection to be 
effective and should continue through the time of injection and 
for 24 hours after injection. Antihistamines should be adminis- 
tered within 30 minutes of the contrast medium injection. 
Recent reports indicate that such pre-treatment does not 
prevent serious life-threatening reactions, but may reduce 
both their incidence and severity. A separate syringe should be 
used for these injections. 

General anesthesia may be indicated in the performance of 
some procedures in selected patients; however, a higher 
incidence of adverse reactions has been reported in these 
patients, and may be attributable to the inability of the patient 
to identify untoward symptoms or to the hypotensive effect of 
anesthesia which can prolong the circulation time and increase 
the duration of contact of the contrast agent. 

Angiography should be avoided whenever possible in 
patients with homocystinuria because of the risk of inducing 
thrombosis and embolism. 


PRECAUTIONS FOR 


SPECIFIC PROCEDURES 

Pediatric Angiocardiography: \t is advisable to monitor for 
ECG and vital signs changes throughout the procedure. 

When large individual doses are administered, sufficient 
time should be allowed for any observed changes to return to 
or near baseline prior to making the next injection. 

Caution should be used when making right heart injections 
in patients with pulmonary hypertension or incipient heart fail- 
ure, since this may lead to increased right side pressures with 
subsequent bradycardia and systemic hypotension. Patients 
with pulmonary disease present additional risks. 

Caution is advised in cyanotic infants since apnea, 
bradycardia, other arrhythmias and a tendency to acidosis are 
more likely to occur. 

Since infants are more likely to respond with convulsions 
than are adults, the amount of total dosage is of particular 
importance. Repeated injections are hazardous in infants 
weighing less than 7 kg, particularly when these infants have 
pre-existing compromised right heart function or obliterated 
pulmonary vascular beds. 

Selective Coronary Arteriography with or without left 
ventriculography: During the administration of large doses of 
HEXABRIX, continuous monitoring of vital signs is desirable. 
Caution is advised in the administration of large volumes to 
patients with incipient heart failure because of the possibility of 
aggravating the pre-existing condition. Hypotension should be 
corrected promptly since it may result in serious arrhythmias. 

Special care regarding dosage should be observed in 
patients with right ventricular failure, pulmonary hyper- 
tension, or stenotic pulmonary vascular beds because of 
hemodynamic changes which may occur after injection into 
the right heart outflow tract. 

Peripheral Arteriography: Moderate decreases in blood 
pressure occur frequently with intra-arterial (brachial) in- 
jections. This change is usually transient and requires no 
treatment; however, the blood pressure should be monitored 
for approximately ten minutes following injection. 

Extreme caution during injection of the contrast agent is 
necessary to avoid extravasation and fluoroscopy is 
recommended. This is especially important in patients with 
severe arterial disease. 

Cerebral Angiography: Cerebral angiography should be 
performed with special caution in patients with advanced 
arteriosclerosis, severe hypertension, cardiac decompen- 
sation, senility, recent cerebral thrombosis or embolism, and 
migraine. 

Intra-Arterial Digital Subtraction Angiography: The risks 
associated with IA-DSA are those usually attendant with cathe- 
ter procedures. Following the procedure, gentle pressure 
hemostasis is required, followed by observation and 
immobilization of the limb for several hours to prevent 
hemorrhage from the site of arterial puncture. 

Patient motion, including respiration and swallowing, can 
result in misregistration leading to image degradation and 
non-diagnostic studies. 

Intravenous Digital Subtraction Angiography: The risks 
associated with IV-DSA include those usually attendant with 
catheter procedures and include intramural injections, vessel 
dissection and tissue extravasation. The potential risk is re- 
duced when small test injections of contrast medium are made 
under fluoroscopic observation to insure that the catheter tip is 
properly positioned and, in the case of peripheral placement, 
that the vein is of adequate size. 

Patient motion, including respiration and swallowing, can 
result in misregistration leading to image degradation and 
non-diagnostic studies. 

Peripheral Venography: Special care is required when 
venography is performed in patients with suspected 
thrombosis, phlebitis, severe ischemic disease, local infection 
or a totally obstructed venous system. 

Extreme caution during injection of contrast media is 
necessary to avoid extravasation and fluoroscopy is 
recommended. This is especially important in patients with 
severe arterial or venous disease. 

Excretory Urography: Infants and small children should 
not have any fluid restrictions prior to excretory urography. 
(See WARNING and PRECAUTIONS concerning preparatory 
dehydration.) 
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Contrast Enhancement in Body Computed Tomography: 
Patient cooperation is essential since patient motion, including 
respiration, can markedly affect image quality. The use of an 
intravascular contrast medium can obscure tumors in patients 
undergoing CT evaluation of the liver, resulting in a false nega- 
tive diagnosis. Dynamic CT scanning is the procedure of 
choice for malignant tumor enhancement. 

Arthrography: Strict aseptic technique is required to pre- 
vent the introduction of infection. Fluoroscopic control should 
be used to insure proper introduction of the needle into the 
synovial space and prevent extracapsular injection. Aspiration 
of excessive synovial fluid will reduce the pain on injection and 
prevent the dilution of the contrast agent. It is important that 
undue pressure not be exerted during the injection. 

Hysterosalpingography: Caution should be exercised in 
patients suspected of having cervical or tubal carcinoma to 
avoid possible spread of the lesion by the procedure. 
Delayed onset of pain and fever (1-2 days) may be indicative of 
pelvic infection. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No 
long-term animal studies have been performed to evaluate 
carcinogenic potential. However, animal studies suggest that 
this drug is not mutagenic and does not affect fertility in males 
or females. 

Pregnancy Category B: Reproduction studies have been 
performed in rats and rabbits at doses up to two times the 
maximum adult human dose and have revealed no evidence of 
impaired fertility or harm to the fetus due to HEXABRIX. There 
are, however, no adequaie and well controlled studies in preg- 
nant women. Because animal reproduction studies are not 
always predictive of human response, this drug should be 
used during pregnancy only if clearly needed. 

Nursing Mothers: loxaglate salts are excreted unchanged in 
human milk. Because of the potential for adverse effects in 
nursing infants, bottle feedings should be substituted for 
breast feedings for 24 hours following the administration of 
this drug. 

Pediatric Use: Safety and effectiveness in children has been 
established in pediatric angiocardiography and intravenous 
excretory urography. Data have not been submitted to sup- 
port the safety and effectiveness of HEXABRIX in any other 
indication. 

(Precautions for specific procedures receive comment 
under that procedure.) 


ADVERSE REACTIONS 
Adverse reactions to injectable contrast media fall into two 
categories: chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physiochemical 
properties of the contrast media, the dose and the speed 
of injection. All hemodynamic disturbances and injuries 
to organs or vessels perfused by the contrast medium are 
included in this category. 

Idiosyncratic reactions include all other reactions. They 
occur more frequently in patients 20 to 40 years old. 
Idiosyncratic reactions may or may not be dependent on the 
dose injected, the speed of injection, the mode of injection and 
the radiographic procedure. Idiosyncratic reactions are 
subdivided into minor, intermediate and severe. The minor 
reactions are self-limited and of short duration; the severe 
reactions are life-threatening and treatment is urgent and 
mandatory. 

NOTE: Not all of the following adverse reactions have been 
reported with HEXABRIX. Because HEXABRIX is an iodinated 
intravascular contrast agent, all of the side effects and toxicity 
associated with agents of this class are theoretically possible, 
and this should be borne in mind when HEXABRIX is 
administered. 

Severe, life-threatening anaphylactoid reactions, mostly of 
cardiovascular origin, have occurred following the administra- 
tion of HEXABRIX as well as other iodine-containing contrast 
agents. Most deaths occur during injection or 5 to 10 minutes 
later: the main feature being cardiac arrest with cardiovascular 
disease as the main aggravating factor. Isolated reports of 
hypotensive collapse and shock are found in the literature. 
Based upon clinical literature, reported deaths from the 
administration of conventional iodinated contrast agents 
range from 6.6 per 1 million (0.00066 percent) to 1 in 
10,000 patients (0.01 percent). 

Regardless of the contrast agent employed, the overall 
estimated incidence of serious adverse reactions is higher 
with coronary arteriography than with other procedures. 
Cardiac decompensation, serious arrhythmias, or myo- 
cardial ischemia or infarction may occur during coronary 
arteriography and left ventriculography. 

The most frequent adverse reactions are nausea, vomiting, 
facial flush and a feeling of body warmth. These are usually of 
brief duration. In double-blind clinical trials, HEXABRIX pro- 
duced less discomfort upon injection (pain and heat) when 
compared to various other contrast agents. Other reactions 
include the following: 

Hypersensitivity reactions: Dermal manifestations of 
urticaría with or without pruritus, erythema and maculopapu- 
lar rash. Dry mouth. Sweating. Conjunctival symptoms. 
Facial, peripheral and angioneurotic edema. Symptoms 
related to the respiratory system include sneezing, nasal 
stuffiness, coughing, choking, dyspnea, chest tightness and 
wheezing, which may be initial manifestations of more severe 
and infrequent reactions including asthmatic attack, laryngo- 
spasm and bronchospasm with or without edema, pulmonary 
edema, apnea and cyanosis. Rarely, these allergic-type 
reactions can progress into anaphylaxis with loss of con- 
sciousness, coma, severe cardiovascular disturbances, 
and death. 
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Cardiovascular reactions: Generalized vasodilation, flush- 
ing and venospasm. Occasionally thrombosis or, rarely, 
thrombophlebitis. Extremely rare cases of disseminated 
intravascular coagulation resulting in death have been 
reported. Severe cardiovascular responses include rare cases 
of hypotensive shock, coronary insufficiency, cardiac 
arrhythmia, fibrillation and arrest. These severe reactions are 


usually reversible with prompt and appropriate management; sme. X 


however, fatalities have occurred. 

Technique reactions: Extravasation with burning pain, 
hematomas, ecchymosis and tissue necrosis, vascular 
constriction due to injection rate, thrombosis and 
thrombophlebitis. 

Neurological reactions: Spasm, convulsions, aphasia, syn- 
cope, paresis, paralysis resulting from spinal cord injury and 
pathology associated with the syndrome of transverse 
myelitis, visual field losses which are usually transient but may 
be permanent, coma and death. 

Other reactions: Headache, trembling, shaking, chills 
without fever, hyperthermia and lightheadedness. Temporary 
renal shutdown or other nephropathy. 

Pediatric angiocardiography has been complicated by 
intramural injection with marked adverse effects on cardiac 
function. 

During selective coronary arteriography with or without left 
ventriculography, patients may have clinically insignificant 
ECG changes. The following adverse effects have occurred in 
conjunction with the administration of iodinated intravascular 
contrast agents for this procedure: hypotension, shock, 
anginal pain, myocardial infarction, cardiac arrhythmias 
(bradycardia, ventricular tachycardia, ventricular fibrillation) 
and cardiac arrest. Fatalities have been reported. Com- 
plications to the procedure include dissection of coronary 
arteries, dislodgement of atheromatous plaques, perforation, 
hemorrhage and thrombosis. 

Following peripheral arteriography, hemorrhage and 
thrombosis have occurred at the puncture site of the per- 
cutaneous injection. Brachial plexus injury has been reported 
following axillary artery injection. 

The major causes of cerebral arteriographic adverse reac- 
tions appear to be repeated injections of the contrast material, 
administration of doses higher than those recommended, the 
presence of occlusive atherosclerotic vascular disease and the 
method and technique of injection. Adverse reactions are nor- 
mally mild and transient. A feeling of warmth in the face and 
neck is frequently experienced. infrequently, a more severe 
burning discomfort is observed. Transient visual hallucina- 
tions have been reported. Serious neurological reactions that 
have been associated with cerebral angiography and not listed 
under Adverse Reactions include stroke, amnesia and respira- 
tory difficulties. Visual field defects with anopsia and reversible 
neurological deficit lasting from 24 hours to 48 hours have 
been reported. Confusion, disorientation with hallucination, 
and absence of vision sometimes lasting for one week have 
also been reported. Cardiovascular reactions that may occur 
with some frequency are bradycardia and either an increase or 
decrease in systemic blood pressure. The blood pressure 
change is transient and usually requires no treatment. 
Arthrography may induce joint pain or discomfort which is 
usually mild and transient but occasionally may be severe 
and persist for 24 to 48 hours following the procedure. 
Effusion requiring aspiration may occur in patients with 
rheumatoid arthritis. Fever and pain, cramping and tender- 
ness of the abdomen have been reported following 
hysterosalpingography. 


OVERDOSAGE 

Overdosages may occur. The adverse effects of overdosage 
are life-threatening and affect mainly the pulmonary and car- 
diovascular systems. The symptoms may include cyanosis, 
bradycardia, acidosis, pulmonary hemorrhage, convulsions, 
coma and cardiac arrest. Treatment of an overdose is directed 
toward the support of all vital functions and prompt institution 
of symptomatic therapy. 

loxagiate salts are dialyzable. 

The intravenous LDso values of HEXABRIX (in grams of 
iodine/kilogram body weight) were 11.2 g/kg in mice, > 8 
g/kg in rats, 76.4 g/kg in rabbits and > 10.2 g/kg in dogs. 


DOSAGE AND ADMINISTRATION 


Details on dosage are are provided in the package insert. CON- 
SULT FULL PACKAGE INSERT BEFORE USE. 


Rev. Nov. 1989. 
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Relation of Prognosis in Sick Sinus Syndrome 


to Age, Conduction Defects and Modes 





of Permanent Cardiac Pacing 


Massimo Santini, MD, Georgia Alexidou, MD, Gerardo Ansalone, MD, Giuseppe Cacciatore, MD, 
Roberto Cini, MD, and Gioia Turitto, MD 


A large population of sick sinus syndrome (SSS) 
patients was analyzed to determine whether age of 
patients, presence of conduction disturbances and 
mode of permanent pacing are related to the occur- 
rence of supraventricular tachyarrhythmias, cere- 
bral embolism and cardiac mortality. Three hun- 
dred thirty-nine patients permanently paced (135 
AAI, 79 DDD, 125 VVI) because of SSS were fol- 
lowed for a mean period of 5 years (range 2 to 10). 
Patients were divided into 4 groups according to 
age («70 or >70 years) and the presence or ab- 
sence of an associated conduction disturbance. Six- 
ty-eight percent of VVI, 55% of AAI and 40.5% of 
DDD patients were >70 years of age. In the VVI 
and DDD groups a conduction disturbance was 
present in 67 of 204 (33%) patients; conduction 
disturbances were more common in patients >70 
years old (46 of 111, 41%) than in those <70 
years old (21 of 93, 2296). The Wenckebach 
threshold (7140 beats/min) remained unchanged 
during the follow-up period in 82% of AAI patients. 
In 9% of these patients, the Wenckebach threshold 
showed some degree of deterioration, but only in 2 
patients was it <100 beats/min (1.596). 

Spontaneous second-degree atrioventricular 
block was observed in 7 patients (5%); it disap- 
peared in 6 of these patients when drug therapy 
was discontinued. 

The incidence of atrial fibrillation was higher in 
the VVI group (47%) than in the DDD (13%, p 
<0.05) and the AAI (4%, p <0.001) patients with- 
out conduction disturbance. It was still higher in 
VVI patients with conduction disturbance (44%) 
compared to that of DDD patients with conduction 
disturbance (11.5%, p «0.01). 

A higher incidence of stable atrial fibrillation in 
the VVI group was also observed, regardless of age 
or conduction disturbance. Overall mortality rates 
were 30% in VVI, 16% in DDD and 13% in the 
AAI mode (p <0.001). Cardiac mortality was sig- 
nificantly higher in the VVI group (1396) compared 
to that of the AAI group (3%) (p <0.001) regard- 
less of age. It was also higher in the VVI group 
>70 years old (15%) than in the DDD group >70 
years (p 70.03). The presence of conduction distur- 
bance did not influence cardiac mortality. The 
stroke mortality rates were 896 in the VVI, 296 in 
the AAI and 2.5% in the DDD group (difference not 
significant). The difference in stroke mortality be- 


came statistically significant in the subgroup of pa- 
tients >70 years old between the VVI (1796) and 
AAI (3%) modes (p «0.001). 

Our data indicate that the AAI and DDD modes 
should always be preferred to the VVI mode in 
treatment of SSS, particularly in patients >70 
years of age. 

(Am J Cardiol 1990;65:729-735) 


with varying degrees of atrioventricular block 

and intraventricular conduction defects, especial- 
ly in elderly patients. These abnormalities often deter- 
mine the mode of pacing. Previous reports of pacing in 
SSS have not addressed in detail the relation of progno- 
sis to the pacing mode, the patient's age, the presence 
of atrioventricular or intraventricular conduction dis- 
turbance and paroxysmal supraventricular tachyar- 
rhythmias (bradycardia-tachycardia syndrome). We 
analyzed a large patient population with SSS to deter- 
mine whether the age of the patients, the presence of 
disease in other parts of the conduction system or the 
mode of pacing might be related to the occurrence of 
supraventricular tachyarrhythmias, cerebral embolism 
and cardiac mortality. 


F he sick sinus syndrome (SSS) is often associated!- 


METHODS 

We evaluated 339 patients with SSS who received 
permanent pacemakers. Pacing was performed in the 
AAI mode in 135 patients, the DDD mode in 79 and 
the VVI mode in 125 (Table I). The underlying cardiac 
pathology consisted of primary degenerative fibrosis of 
the conduction system in >70% of the patients in each 
pacing group. The AAI mode was used only in patients 
without atrioventricular block or intraventricular con- 
duction disturbance when atrial pacing at rest induced 
type I second-degree atrioventricular block only at a 
pulse rate 7140 beats/min. The DDD mode was select- 
ed in the following 3 circumstances: the presence of 
atrioventricular block or intraventricular conduction 
disturbances; the absence of atrioventricular block or in- 
traventricular conduction disturbances when atrial pac- 
ing at rest induced type I second-degree atrioventricular 
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TABLE I Baseline Data for All Patients 


With CD 
a a ee ar EE 
Age Mean Follow-Up 
——————— Ptsin 
<70 yr (96) >70 yr (96) «70 >70 Follow-up (%) 





Pacing No. 


Cases <70 yr (%) >70 yr (%) 








61 (45) 

36 (29) 

36 (45.5) 
133 (39.2) 


272 (80.2) 


74 (55) 

48 (38) 

17 (21.5) 
139 (41) 


CD = conduction disorders. 


block at a pulse rate <140 beats/min; and by physi- 
cian’s choice in patients who might otherwise have been 
candidates for AAI pacing. The VVI mode was used 
randomly according to physician choice, regardless of 
associated atrioventricular or intraventricular conduc- 
tion disturbance. After pacemaker implantation the first 
episode of atrial fibrillation was treated with antiar- 
rhythmic drugs regardless of the pacing mode. Amioda- 
rone was the drug of choice for long-term treatment. 
Therefore, in the analysis of the follow-up data, all pa- 
tients with recurrent supraventricular tachyarrhythmias 
(atrial flutter or fibrillation) were treated with antiar- 
rhythmic agents. The patients treated by the AAI mode 
in the case of recurrence of a supraventricular arrhyth- 


p<0.001 


percent 





percent 


p«0.001 
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Age Mean Follow-Up 


270 
















31 (25) 
15 (19) 
46 (13.5) 


10 (8) 
11 (14) 
21 (6.19) 
67 (19.76) 


mia, refractory to drugs, underwent either overdrive 
pacing or cardioversion to restore sinus rhythm. In the 
case of a short-term recurrence, despite drug treatment, 
no other attempt to restore sinus rhythm electrically 
was made. If necessary, DDD mode was converted to 
VVI pacing. 

The patients were divided into 4 groups according to 
age (> or «70 years old) and the presence or absence of 
an associated conduction disturbance at the time of im- 
plantation (Table I). The relation of the pacing mode to 
the type of conduction disturbance was classified in 
terms of the following: first- and second-degree atrio- 
ventricular block comprising 77% of the patients; third- 
degree atrioventricular block (8.5%); and intraventricu- 


p«0.001 


FIGURE 1. Incidence of permanent atrial 
fibrillation in relation to pacing mode and 
conduction disturbances (CD). 


FIGURE 2. Incidence of permanent atrial 
fibrillation in DDD and VVI groups in rela- 
tion to age and conduction disturbances 
(CD). 
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lar conduction disturbance (left bundle branch block, 
right bundle branch block, fascicular blocks (14.5%; Ta- 
ble II). The type of SSS was also characterized accord- 
ing to the presence or absence of atrial tachyarrhyth- 
mias in patients > or <70 years of age (Table III). The 
mean duration of follow-up was about 5 years (range 2 
to 10 for each pacing mode) and the patients were seen 
every 6 months. Table I lists the mean duration of fol- 
low-up according to the presence or absence of conduc- 
tion disturbances, age and pacing mode. During each 
visit, an electrocardiogram was obtained and the pace- 
maker was inhibited to observe the spontaneous rhythm. 
The atrial rate was increased in patients with AAI pace- 
makers to determine the pacing rate when type I sec- 
ond-degree atrioventricular block was induced. During 
the follow-up period we focused on the incidence of sta- 
ble atrial fibrillation (Table IV, Figures 1 and 2), over- 
all mortality (Figure 3), cardiac mortality (Figures 4 
and 5) and strokes (Table V, Figure 6). The develop- 
ment of atrioventricular block was also analyzed in pa- 
tients with AAI pacemakers (Figure 7). The data were 
statistically analyzed by the chi-square test (p <0.05 
was deemed significant). 


RESULTS 

Age distribution: Seventy-nine of the 125 patients 
(68%) >70 years of age were in the VVI group (Table 
D. Of these 79 patients, 48 had no conduction distur- 
bances and 31 had an associated conduction abnormali- 
ty (Table I). In the AAI group, 61 patients were <70 
years and 74 patients were >70 years old (Table I); in 
the DDD group, 47 of 79 patients were <70 years. 

Two hundred seventy-two of the 339 total patients 
(80%). showed no conduction disturbances (Table I). In 
the VVI and DDD groups, an associated conduction ab- 
normality was present in 67 of 204 patients (33%); con- 
duction disorders were more common in patients >70 
years old (46 of 111 patients, 41%) than in patients «70 
years (21 of 93 patients, 22%). The Wenckebach 
threshold was measured during the follow-up period in 
all the AAI patients except 5 with the following results: 
in 111 of 135 (82%) patients, the Wenckebach thresh- 
old remained unchanged during the follow-up period; 12 
of 135 (9%) patients showed a slight impairment of 


FIGURE 3. Overall mortality in AAI, DDD 
and VVI groups. 
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Pacing 


Mode Age 1-to 2-Degree Complete IVCD 


(No. Pts) (yrs) AV Block (%) AV Block (%) (96) 


WI* (125) b. 
DDD* (79) b sik : 
Total (204) 54(264) 6(29) 10(4.9) 70(343) 


* In 2 WI patients («70 years) and in 1 DDD patient (<70 years) more than 1 type 
of conduction disorder was present. 

IVCD = Intraventricular conduction disturbance; left bundle branch block, left 
anterior and posterior hemiblock isolated or in association. 


TABLE Ill Incidence of Bradycardia-Tachycardia Syndrome 
Age (yrs) AAI (%) 


>7 40 (54) 
<70 31 (50) 
>70 34 (45) 22 (70) 

<70 30 (50) 32 (68) 

>70 74 (54.8) 32 (40.5) 
<70 61 (45.2) 47 (59.4) 
Allages 135(100) 79 (100) 


DDD (%) VVI(%) Total (%) 


10 (30) 
15 (32) 


39 (49) 
19 (41.3) 
40 (51) 
27 (58.7) 
79 (63.2) 
46 (36.8) 
125 (100) 


Present 154 (45.4) 


Absent 185 (54.6) 


Total 339 





atrioventricular conduction as judged by a decrease of 
the Wenckebach threshold which, however, remained 
>100 beats/min in 10 patients (7.5%) and <100 beats/ 
min in 2 patients (1.5%). None of these 12 patients 
showed in any way a spontaneous Wenckebach phe- 
nomenon during atrial pacing at the basic pulse rate of 
70 beats/min; spontaneous second-degree atrioventricu- 
lar block was observed in 7 patients (5%). In 6 of these 
patients deterioration of atrioventricular conduction was 
due to antiarrhythmic drug therapy (digitalis, verapa- 
mil, amiodarone) and disappeared as soon as pharmaco- 
logic therapy was discontinued. In the seventh patient a 
paroxysmal second-degree atrioventricular block was 
observed dependent on vagal stimulation (this patient 
was also affected by carotid sinus syndrome not evident 
at the time of pacemaker implantation). 

The pacing mode was changed in 8 (6%) AAI pa- 
tients. The VVI mode was used in 6 of these patients 
because of disturbances in atrial sensing (1 case), atrial 
exit block (1 case), recurrence of paroxysmal atrioven- 


Age <70 
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SSS with CD 


——————————————— 


Age (yrs) No. Cases % 








Pacing 
Total (%) 












CD = conduction disturbance. 


tricular junctional tachycardia (1 case) and permanent 
atrial fibrillation (3 cases). In 2 cases a DDD pacemak- 
er was implanted during the follow-up because of a sec- 
ond-degree atrioventricular block (1 case) and recur- 
rence of supraventricular reciprocating tachycardia (1 
case after 7 years of AAI pacing). In 4 (5%) DDD pa- 
tients the pacing mode was converted during the follow- 
up period to VVI because of permanent atrial fibrilla- 
tion. In 4 (3%) VVI patients pacing mode was changed 
to DDD (3 cases) or AAI (1 case) because of pacemak- 
er syndrome. 

Incidence of the bradycardia-tachycardia syn- 
drome: For the purpose of this study, we defined the 
bradycardia-tachycardia syndrome as the occurrence of 
symptomatic sustained sinus bradycardia at a pulse rate 
<50 beats/min or the presence of sinus pauses >3 sec- 
onds in association with paroxysmal supraventricular 
tachyarrhythmias. One hundred fifty-four of 339 pa- 
tients with SSS were found to have the bradycardia- 
tachycardia syndrome (45%). The incidence of this syn- 


p«0.001 


percent 


coe 
DDD + CD 





percent 


Age :70 
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SSS without CD 


Age (yrs) 


14/31 »70 25/48 52 
«70 4/10 2) 18/41 SP <70 15/36 41 } 40/8447.) raat 
AES >70 3/15 20) 8/06 des >70 4/17 255) Neg UTD 
«70 0/11 0 | <70 3/36 8 5 <0.01 P«0001 
es E read >70 2/74 27 | 
ad <70 3/61 4.9 } 5/1357) 








No. Cases % 











drome according to the various pacing groups was as 
follows: 71 of 135 patients (52%) in the AAI group; 58 
of 115 (50%) in the VVI group; and 25 of 79 patients 
(32%) in the DDD group. 

Incidence of permanent atrial fibrillation after pac- 
ing: The incidence of stable atrial fibrillation in the 3 
pacing groups (AAI, VVI and DDD) was not signifi- 
cantly related to age or associated conduction disorders 
(Table IV). In the absence of a conduction abnormality 
the VVI group showed stable atrial fibrillation in 47% 
of the patients compared with 13% in the DDD group 
(p <0.05) and 4% of the AAI group (Figures 1, 2) (p 
<0.001). In the patients with conduction abnormalities 
there was also a significant difference in the incidence 
of permanent atrial fibrillation in the VVI group (44%) 
compared with that of the DDD group (11.5%) (p 
<0.01). 

VVI versus DDD pacing in patients more than 70 
years old with conduction disturbance: Fourteen of 31 
VVI patients (45%) versus 3 of 15 DDD patients (2090) 


p«0.001 


p<0. 03 FIGURE 4. Cardiac mortality in AAI, DDD 


and VVI groups in relation to age and 
pacing mode. 


Age >70 


FIGURE 5. Cardiac mortality in AAI and 
DDD groups in relation to age, conduction 
disturbances (CD) and pacing mode. 









developed permanent atrial fibrillation (difference not 
significant). 

VVI versus DDD pacing in patients younger than 
70 years old with conduction disturbance: Four of 10 
VVI patients (40%) versus 0 of 11 DDD patients devel- 
oped chronic atrial fibrillation (p <0.05). 

VVI versus DDD pacing in patients more than 70 
years old without conduction disturbance: Twenty-five 
of 48 VVI patients (52%) versus 4 of 17 DDD patients 
(23.5%) developed permanent atrial fibrillation (p 
<0.05). 

VVI versus DDD pacing in patients younger than 
70 years old without conduction disturbance: Fifteen 
of 36 VVI patients (41%) versus 3 of 36 DDD patients 
(8%) developed chronic atrial fibrillation (p <0.01). 

VVI versus AAI pacing in patients more than 70 
years old without conduction disturbance: Twenty-five 
of 48 VVI patients (52%) versus 2 of 74 AAI patients 
(3%) developed permanent atrial fibrillation (p 
<0.001). 

VVI versus AAI pacing in patients younger than 
70 years without conduction disturbance: Fifteen of 36 
VVI patients (41%) versus 3 of 61 AAI patients (5%) 
developed chronic atrial fibrillation (p <0.001). 

DDD versus AAI pacing in patients more than 70 
years old without conduction disturbance: Four of 17 
DDD patients (23.5%) versus 2 of 74 AAI patients 
(3%) developed permanent atrial fibrillation (p <0.01). 

DDD versus AAI pacing in patients more than 70 
years old with conduction disturbance: Three of 15 
DDD patients (20%) developed permanent atrial fibril- 


FIGURE 6. Stroke mortality in AAI, DDD 
and VVI groups. 


percent 


Wenckebach threshold 


unchanged 








TABLE V Stroke Mortality 


Pacing Mode DDD (%) AAI (96) VVI* (96) Total (95) 
<70 1(2.1)... 1(16) 
Age (Yrs) 79 1(31) NS 2(27) 8 (16.6) 


Total 2 (2.5) 3 (2.2) 10 (8) 
NS p «0.01 
NS 
* Only 3 patients survived their stroke and all were in VVI group. Total no. of strokes 


in VVI group was 13 (10.4%). 
NS = not significant. 


4 (2.6) 
11 (6) 
15 (4.4) 


2 (4.3) NS 


NS NS 


lation in contrast to 2 of 74 (3%) in the AAI mode (p 
« 0.05). 

DDD versus AAI pacing in patients younger than 
70 years old with conduction disturbance: None of 
11 DDD patients and 3 of 61 AAI patients (5%) devel- 
oped permanent atrial fibrillation (difference not signifi- 
cant). 

DDD versus AAI pacing in patients younger than 
70 years without conduction disturbance: Three of 36 
DDD patients (8%) versus 3 of 61 AAI patients (5%) 
developed atrial fibrillation (difference not significant). 

Mortality: A highly significant difference in mortali- 
ty was observed in patients in the VVI group (3090) 
compared to 16% in the DDD group (p <0.01) and 13% 
in the AAI group (p 70.001, Figure 3). When analyzed 
in terms of age, these differences in mortality remain 
highly significant (p <0.001) only in patients >70 years 
old. There was also a significant difference (p <0.01) in 
the overall mortality of patients in the AAI group com- 


p«0.001 


82.2% 
(111/135) 


FIGURE 7. Long-term Wenckebach threshold 
atrioventricular (AV) between 100 and 140 bpm 
conduction in the AAI 

group. Wenckebach threshold 


less than 100 bpm 


(no spontaneous 2? degree À-V block) 


Spontaneous À-V block 
(Wenckebach type) 
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pared to those in the DDD group regardless of age and 
in the subgroup >70 years (p <0.01). 

Cardiac mortality: This was defined as sudden death 
or death due to acute myocardial infarction or heart 
failure. 

VVI VERSUS AAI: The cardiac mortality was signifi- 
cantly higher in the VVI group (14%) than in the AAI 
group (3%) (p <0.001) (Figure 4). This difference re- 
mained significant in patients >70 years old (p <0.001) 
in whom the mortality was 4% in the AAI mode and 
15% in the VVI group. In patients <70 years old no 
significant difference in mortality was found between 
the VVI and AAI groups. 

VVI VERSUS DDD: The difference in mortality between 
the VVI and DDD group was not significant when the 
groups were analyzed regardless of age. However, in pa- 
tients >70 years old, cardiac mortality was significantly 
higher in the VVI group (1596) compared to that in the 
DDD group (6%) (p «0.03). 

VVI VERSUS ATRIAL PACING (AAI AND DDD): When the 
AAI and the DDD groups were considered together, 
there was a mortality of 5% in patients >70 years old 
compared to 15% in the VVI group in patients >70 
years old (p «0.02). 

AAI VERSUS DDD: There was no significant difference 
in the cardiac mortality between the AAI and the DDD 
groups when analyzed regardless of age or separately 
according to age (> and «70 years). 

Cardiac mortality (Figure 5) in the DDD group 
without conduction disorders (12% in patients >70 
years old and 8% in patients «70 years) appears higher 
than in the AAI group (4.5% in the older group and 5% 
in the younger group), but these differences are not sta- 
tistically significant. 

Incidence of strokes and their mortality: Because 
only 3 patients with strokes lived (13 patients, 10 deaths 
in VVI groups; 3 patients, 3 deaths in AAI group; 2 
patients, 2 deaths in DDD group), the data were ana- 
lyzed according to stroke mortality (Table V). 

VVI VERSUS AAI AND DDD: Stroke mortality was higher 
in the VVI group (8%) compared to that in the AAI 
group (2%) and the DDD group (2.5%, Figure 6), but 
only the difference between AAI and VVI is significant 
(p «0.01). 

AGE: Overall stroke mortality (Table V) showed no 
significant difference in patients «70 years old (3%) 
compared to those >70 yers old (6%) regardless of pac- 
ing mode. In terms of both pacing mode and age, stroke 
mortality remained higher in the VVI group (1796) than 
in the AAI (3%, p <0.001) and DDD (3%) groups (dif- 
ference not significant) but only for patients >70 years 
old. 


DISCUSSION 

The results of this study may help to clarify some of 
the issues about SSS treatment and prognosis that are 
still controversial. 

Risk of atrioventricular block for AAl-paced pa- 
tients: According to 2 studies” and to our data, a man- 
ifest conduction disturbance is frequently observed in 
SSS patients. 
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Still controversial is whether a significant extension 
of SSS to the atrioventricular node and bundle branches 
can be expected in the near future after AAI implant in 


SSS patients without any manifest conduction distur- 4 


bance at rest." ? 

Sutton and Kenny’ reviewed a large number of SSS 
patients and reported an annual incidence of significant 
atrioventricular conduction disturbance of 3%. They 
concluded that permanent AAI pacing is not a safe pac- 
ing mode for SSS patients. 

In contrast, Rosenqvist and Obel!! recently reviewed 
28 different series of SSS patients treated by AAI pac- 
ing. They found, in agreement with our results, a very 
low risk for the development of a clinically important 
conduction disturbance in these patients during a mean 
follow-up period of 36 months (annual incidence of 
about 1%). 

The discrepancy among the data of Sutton and Ken- 
ny? and those of Rosenqvist and Obel!! and ours can 
probably be explained by the very strict selection we 
applied to candidates for AAI pacing (very high 
Wenckebach threshold and normal QRS morphology) 
and by including in the group of "significant" atrioven- 
tricular dysfunction observed during the follow-up, only 
second- and third-degree atrioventricular block. 

Our criteria for selection of candidates to AAI pac- 
ing (Wenckebach threshold 7140 beats/min) also coin- 
cide with those successfully used by Hatano et al!^ in 
selecting SSS patients for AAI rate-responsive perma- 
nent pacing. 

Development of permanent atrial fibrillation: This 
rhythm disorder may occur in SSS patients despite 
pharmacologic treatment and it may represent a crucial 
factor in determining systemic embolisms. Our patients 
showed an incidence of stable atrial fibrillation ranging 
from 4% in the AAI group to 48% in the VVI group 
without a coexisting conduction disturbance. Similar re- 
sults are reported from many others.?.?-!? 

Contrary to what was reported by Dekker et al,'* we 
have not observed any significant difference in the vari- 
ous groups with or without conduction disturbance in 
the incidence of chronic atrial fibrillation. 

Undoubtedly, the VVI pacing mode is an explanato- 
ry variable with respect to the incidence of this rhythm 
disorder. SSS patients treated by VVI pacing, indepen- 
dently of their age and of the presence/absence of an 
associated conduction disturbance, have a high proba- 
bility for developing chronic atrial fibrillation. The sta- 
bility of atrial fibrillation in these cases could be as- 
cribed to atrial enlargement caused by atrial contraction 
against closed atrioventricular valves, due to retrograde 
ventriculoatrial conduction.!*-?! 

Finally, concerning the influence of age on the inci- 
dence of chronic atrial fibrillation, no significant differ- 
ences were found within the AAI, VVI and DDD 
groups between patients < or >70 years old. 

Mortality: Cardiac mortality, including both sudden 
death and heart failure, was remarkably different 
among the 3 groups. This difference remained if pa- 
tients were considered as a whole or separately (at least 
with respect to age >70 years). 


In particular, the AAI group had a much lower car- 
diac mortality (3%) compared with that of VVI patients 
(14%, p «0.001). 

Such a difference also holds for DDD patients (vs 
VVI patients) if we consider cardiac mortality of pa- 
tients >70 years old (AAI, 4.5%; DDD, 6%; VVI, 15%) 
(p «0.001; p <0.03). It disappears in the subgroup aged 
<70 years. 

This may be explained by the remarkable hemody- 
namic damage that VVI pacing may cause in some SSS 
patients!®.!>.22 that could be less tolerated in the elderly. 

In agreement with published data!0.5-172324 a high 
incidence of stroke deaths in the VVI group (896) com- 
pared to the AAI group (2%) (p <0.01) was also ob- 
served in our study. 

This complication could be related to the frequent 
occurrence of chronic atrial fibrillation in VVI patients, 
possibly causing cerebral embolism.”4 

Another hypothesis could refer to a possible decrease 
of cerebral perfusion in older patients with evidence of 
carotid and cerebral vessels and arteriosclerotic lesions. 

Whatever its specific cause, it seems clear that VVI 
pacing alone or along with hemodynamic damage, can 
give rise in patients with SSS to a statistically signifi- 
cant increase in mortality for acute cerebrovascular dis- 
ease compared to AAI pacing mode. Further studies on 
cerebrovascular circulation in SSS patients are neces- 
sary to clarify why such a high incidence of death in 
patients with stroke occurred. 

No difference as to stroke death between the VVI 
and DDD groups was observed in our study. This is 
probably due to the small sample size. 

In summary, we can state, on statistical grounds, 
that only AAI pacing has clear advantages with respect 
to decreasing both cardiac and cerebrovascular mortali- 
ty in patients with SSS. 
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Mechanism of Postextrasystolic Potentiation 
in the Right Ventricle 
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The mechanism of postextrasystolic potentiation 
(PESP) has been studied in the left ventricle in 
humans; however, this phenomenon has not been 
evaluated in the right ventricle. Accordingly, 18 
sinus beats were compared to postextrasystolic 
beats during the same cineventriculogram using 
simultaneous high-fidelity right ventricular (RV) 
and pulmonary artery pressures and cast-validated 
biplane cineventriculographic volumes in normal 
patients. The increase in cycle length was 22 + 
12% (standard deviation) in the postextrasystolic 
beats. Right ventricular ejection fraction increased 
from 61 + 10 to 68 + 4% (p <0.001) and RV 
stroke volume increased from 99 + 18 to 128 + 20 
ml (p <0.001) due to an increase in RV end-diastol- 
ic volume (165 + 34 to 189 + 30 ml, p <0.001) as 
RV end-systolic volume (65 + 24 to 61 + 17 ml, 
difference not significant) and RV end-systolic 
pressure (16 + 7 to 17 + 6 mm Hg, difference not 
significant) remained unchanged. Despite an in- 
crease in RV systolic pressure from 29 + 7 to 31 
+ 7 mm Hg (p <0.01) and an increase in RV end- 
diastolic pressure from 8 + 4 to 10 + 5 mm Hg (p 
«0.001), RV +dP/dtmax did not change (318 + 102 
to 294 + 82 mm Hg/s, difference not significant). 
However, the difference between pulmonary artery 
diastolic pressure and RV end-diastolic pressure 
decreased from control (10 + 4 mm Hg) to 
postextrasystolic beat (5 + 3 mm Hg, range O to 
10, p <0.001) and dP/dtmax occurred after pulmon- 
ic valve opening in 14 of 15 beats where simulta- 
neous high-fidelity pulmonary artery pressure was 
recorded. These data indicate that the mechanism 
of PESP in the right ventricle may result from a 
preload-dependent mechanism rather than en- 
hanced contractility because end-diastolic volume 
and stroke volume increase as end-systolic volume 
is unchanged. In the right ventricle peak +dP/dtnax 
cannot be used as an index of contractility because 
developed pressure is small and dP/dtmax is 
not isovolumic. 

(Am J Cardiol 1990;65:736-741) 
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umerous studies have used left ventricular post- 
IN susssote potentiation (PESP) as an index of 

contractile reserve. !? However, the exact na- 
ture of potentiation has been difficult to determine in 
the intact circulation largely because changes in preload 
may variably affect +dP/dtmax and other preejection 
and ejection phase indexes of contractility.'' Recent iso- 
lated heart studies have shown that peak +dP/dtmax in- 
creases when both preload and afterload are held con- 
stant in control and postextrasystolic beats, thereby 
showing a direct positive inotropic effect that is most 
likely mediated by an increased delivery of activator 
calcium to the contractile proteins.'? 

The right ventricle differs markedly from the left 
ventricle in geometric arrangement and operates at 
pressures that are approximately one-third that of the 
left ventricle. Despite these differences it follows classic 
left ventricular models of pump performance of time- 
varying elastance!? and PESP'* in the isolated heart. 
However, these mechanisms are difficult to evaluate in 
the intact right ventricle in situ because of the complex 
geometry and the difficulty in obtaining accurate vol- 
ume measurements. Accordingly, this study evaluates 
the mechanism of PESP in the right ventricle using si- 
multaneous high-fidelity right ventricular (RV) pres- 
sures and cast-validated cineventriculographic RV vol- 
umes.!? 


METHODS 

Patients: The study population was made up of 11 
patients who were referred for cardiac catheterization to 
evaluate atypical chest pain. Each patient gave written 
informed consent on a form approved by our Institu- 
tional Review Board at the University of Texas Health 
Science Center at San Antonio. There were 7 women 
and 4 men with a mean age of 49 + 14 years (range 27 
to 62). All patients had normal coronary anatomy docu- 
mented by coronary cineangiography, a normal electro- 
cardiogram and normal left ventricular function and 
wall thickness documented by echocardiography. All ni- 
trates, diuretics and calcium antagonists were discontin- 
ued at least 24 hours before cardiac catheterization and 
B-adrenergic blocking agents were discontinued at least 
72. hours before cardiac catheterization. 

Protocol: The patients were first given oral diphen- 
hydramine hydrochloride (15 mg) and diazepam (10 
mg). After coronary cineangiography had been com- 
pleted, an 8Fr high-fidelity catheter was inserted into 
the right ventricle via the right antecubital vein (Millar 
Instruments, TC 500 series). This catheter was custom 
designed with RV and pulmonary artery solid state 
pressure sensors separated by 5 cm and a velocity sensor 





immediately distal to the pulmonary artery pressure 
sensor. A 6Fr bipolar pacing catheter was positioned in 
the right atrial appendage and an 8Fr Berman angio- 
graphic catheter was positioned in the RV cavity near 
the apex through the right femoral vein. Each patient 
was then given 1 mg of atropine and 0.15 mg/kg of 
propranolol before the research study to attenuate reflex 
autonomic effects on myocardial contractility conse- 
quent to altered load. 

The present data were obtained from patients in 
whom a time-varying elastance model was evaluated in 
the right ventricle where 3 pressure-volume coordinates 
were obtained during control, intravenous bolus of 
phenylephrine (0.2 to 0.3 mg) and infusion of nitroprus- 
side (dose range 0.3 to 1.5 ug/kg/min).!9!7 In a subset 
of 5 patients dobutamine was infused (dose range 5 to 
15 ug/kg/min) to achieve at least a 20% increase in the 
amplitude of the analog dP/dt signal. In all patients 
in this study a ventricular premature beat fortuitously 
occurred during cineventriculography and was followed 
by a well-opacified postextrasystolic beat. Sinus and 
postextrasystolic beats were recorded during the same 
cineventriculogram under control conditions (7), during 
phenylephrine infusion (4), during nitroprusside infu- 
sion (2) and during dobutamine infusion (5) (Table I). 

Hemodynamics: During each loading condition ana- 
log signals and cineframe markers were recorded at the 
same paced heart rate (90 to 100 beats/min) with an 
Electronics for Medicine VR-16 physiologic recorder at 
100 mm/s paper speed with 10 ms time lines. The sur- 
face electrocardiogram, the first derivative of RV dP/ 
dt, and RV and pulmonary artery pressures were re- 
corded under each loading condition. High-fidelity pres- 
sure wave forms were matched to a fluid pressure that 
was balanced and calibrated with the external pressure 
transducer positioned at the midaxillary level. At the 
end of each study neither pressure sensor demonstrated 
thermal drift during the procedure. RV and pulmonary 
artery pressure signals were recorded simultaneously 
with biplane cineventriculograms and cinepulse syn- 
chronization, which provided simultaneous pressure and 
volume every 16.6 ms. Analog-to-digital pressure con- 
version was accomplished in the laboratory as previous- 
ly described, providing dP/dt values every 5 ms at the 
heart rates in this investigation.'®!? Simultaneous high- 
fidelity pulmonary artery and RV pressure wave forms 
determined the relation of peak +dP/dtmax to pulmonic 
valve opening; peak —dP/dtmax identified end-systole in 
the right ventricle." 

Cineventriculography: Biplane RV cineventriculog- 
raphy was performed at 60 frames/s in the 30? right 
anterior oblique and 60? left anterior oblique/20? cra- 
nial angulations (CGR Angiomax) with an 8Fr Berman 
angiographic catheter positioned in the RV apex. Forty 
to 50 ml of meglamine diatrizoate (Renografin-76) was 
injected over 3 to 4 seconds at 450 Ibs/square inch. 
During catheterization patients were carefully instruct- 
ed on proper breathing techniques to avoid any effect of 
intrapleural pressure on RV intracavitary pressure dur- 
ing each hemodynamic state in every patient. Biplane 
RV volumes were obtained by a method that has been 


validated in our laboratory with RV casts using a modi- 
fied Simpson's rule algorithm.!5-'7 

Statistical analysis: All data are presented as mean 
+ standard deviation. Paired data were compared using 
a paired ¢ test. A p value «0.05 was considered signifi- 
cant. 


RESULTS 

Hemodynamics: The mean cycle length of the sinus 
beat was 645 + 51 ms and increased to a mean value of 
784 + 97 ms (Table I). This increase represented a 
mean increase of 22 + 12%. RV systolic pressure in- 
creased from 29 + 7 to 31 + 7 mm Hg (p <0.01), RV 
end-systolic pressure did not change (16 + 7 to 17 + 6 
mm Hg, difference not significant), and RV end-dia- 
stolic pressure increased from 8 + 4 to 10 + 5 mm Hg 
(p <0.001). However, peak +dP/dtmax did not change 
from the sinus to the postextrasystolic beat (318 + 102 
to 294 + 82 mm Hg/s, difference not significant, Fig- 
ure 1). Pulmonary artery diastolic pressure decreased 
from 18 + 7 to 15 + 7 mm Hg (p «0.05) and the 
difference between the pulmonary artery diastolic pres- 
sure and RV end-diastolic pressure decreased signifi- 
cantly from control (10 + 4 mm Hg) to the postextra- 
systolic beat (5 + 3 mm Hg, p «0.001). Fifteen of the 
18 postextrasystolic beats were recorded with simulta- 
neous RV and pulmonary artery pressures, and in 14 of 
15 instances +dP/dtmax occurred after pulmonic valve 
opening. In 2 cases the pulmonary artery diastolic pres- 
sure of the postextrasystolic beat decreased to a value 
equal to the RV end-diastolic pressure. Figure 2 shows 
diastasis of the pulmonary artery diastolic pressure and 
RV end-diastolic pressure accompanied by a decrease in 
the amplitude of the analog dP/dt signal despite an in- 
crease in stroke volume as manifested by the simulta- 
neous phasic pulmonary artery velocity signal. Figure 3 
shows a similar pattern during phenylephrine infusion 
where the amplitude of the analog dP/dt signal and de- 
veloped pressure decrease in the postextrasystolic beat. 
In the control beat dP/dtm,x occurs before pulmonic 
valve opening and in the post-extrasystolic beat it occurs 
after the pulmonic valve opens. In this patient (number 
2), both RV stroke volume and RV ejection fraction 
increased markedly. 

Right ventricular volumes: RV ejection fraction in- 
creased from 61 + 10 to 68 + 4% (p <0.001) and RV 
stroke volume increased from 99 + 18 to 128 + 20 ml 
(p <0.001) due to an increase in RV end-diastolic vol- 
ume (165 + 34 to 189 + 30 ml, p «0.001) as RV end- 
systolic volume remained unchanged (65 + 24 to 61 + 
17 ml, difference not significant) (Table I, Figure 4). 
The change in end-diastolic volume did correlate with 
the percent increase in cycle length (r = 0.61). How- 
ever, neither the change in end-diastolic volume nor the 
change in cycle length were linearly related to the 
change in peak +dP/dtmax from control to postextra- 
systolic beat. 


DISCUSSION 
Many studies have evaluated the mechanism of 
PESP in the left ventricle in both animals and hu- 
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mans.!-!0.12.4 However, the RV force-interval relation 
has not been studied systematically in man due to its 
complex geometry and difficulty in obtaining accurate 
volume estimates. In this investigation a sinus beat was 
compared to a postextrasystolic beat during the same 
cineventriculogram where the increase in cycle length 
was 22 + 12% greater than the control beat using a 
cast-validated method to obtain RV volumes. In the 
postextrasystolic beat both RV end-diastolic pressure 
and RV systolic pressure increased significantly as did 
RV end-diastolic volume and RV ejection fraction. 
Stroke volume also increased in all cases documented by 
cineventriculographic volumes and simultaneous pulmo- 
nary artery flow/velocity in patients who had adequate 
signals (Figure 2). 

These responses were identical to those reported by 
Wisenbaugh et al!” for the left ventricle in a similar 
group of patients coming to cardiac catheterization for 


600 
500 


FIGURE 1. Individual data points for peak 
+dP/dtmax and right ventricular end- 
diastolic pressure (RVEDP) for control and 
postextrasystolic potentiation (PESP) 
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RV dP/dt 
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FIGURE 2. Unprocessed analog signals Phasic 


showing simultaneous electrocardiogram 
(ECG), first derivative of right ventricular 
(RV) dP/dt, phasic pulmonary artery flow, 
pulmonary artery pressure (PAP) and RV 
pressure (RVP) during the control and 
postextrasystolic potentiation beats. 


Pulmonary 
Artery Flow 
(cm/sec) 










ECG 


RV dP/dt 
(mmHg/sec) 
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(mmHg) 


FIGURE 3. Unprocessed analog signals 
showing simultaneous electrocardiogram 
(ECG), right ventricular (RV) dP/dt, 
pulmonary artery pressure (PAP) and RV 
pressure (RVP) in the control and post- 
extrasystolic potentiation beats. 







RVP 
(mmHg) 


Control PESP 


evaluation of atypical chest pain with normal coronary 
anatomy and ventricular function. However, left ven- 
tricular +dP/dtmax increased and end-systolic volume 
decreased significantly after a compensatory pause. In 
contrast, RV +dP/dtmax and RV end-systolic volume 
did not change from control to the postextrasystolic 
beat in this investigation. Our results also differ from 
those of Burkhoff et al'* who showed an increase in 
peak +dP/dtmax for both the right and left ventricles in 
the postextrasystolic beats when preload and afterload 
were held constant in the isolated heart. However, in 
this simulated afterload model of the pulmonary circu- 
lation, pulmonary artery pressures were higher when 
compared to the normal intact circulation and, there- 
fore, dP/dtmax is likely to be isovolumic in both beats 
and is able to reflect a change in contractility. 

It is well appreciated that peak +dP/dtmax in the 
right ventricle occurs after pulmonic valve opening and 





dP/dt... RVEDP 
25 
* = p<0.001 
HER o 
C 
É 
£ 15 
oO 
CÓ) 10 
UJ 
> 
aA 1 = 5 
O 





Control PESP 





5OmmHg 






aves 


THE AMERICAN JOURNAL OF CARDIOLOGY MARCH 15, 1990 739 








RVESV (ml) 
RVEDV (ml) 


= p<0.001 


£ 
® 
E 
E. 
o 
2 
0 
x 
E 
Y 


80 
60 
40 


that these values are lower than those encountered in 
the left ventricle, as shown in this investigation.!5-?9 
However, Gleason and Braunwald!? showed a linear re- 
lation between pulmonary artery pressure and peak 
+dP/dtmax values in normal patients and in patients 
with pulmonary hypertension. Other clinical studies also 
have reported RV +dP/dtmax values approaching those 
encountered in the left ventricle in patients with valvu- 
lar heart disease and pulmonary hypertension, thereby 
showing an afterload dependency on the rate of pressure 
increase in the right ventricle?! Furthermore, Stein et 
al^? have reported higher values of peak +dP/dtmax in 
patients with pulmonary hypertension despite clinical 
evidence of RV failure. These clinical studies suggest an 
afterload or preload dependencyy of +dP/dtmax values 
in the right ventricle. However, no study has evaluated 
the response of RV +dP/dtmax to alterations in load in 
the same patient. 

In a study of RV elastance (Emax) where 3 widely 
disparate RV pressures were achieved during nitroprus- 
side and phenylephrine infusion, we noted a 2-fold in- 
crease in peak +dP/dtmax from 289 + 60 to 503 + 26 
mm Hg/s after small doses of phenylephrine (0.2 to 0.3 
mg). The linearity of the 3 pressure-volume coordinates 
at Emax for the group suggested no change in contractile 
state. However, because both RV systolic and end-dia- 
stolic pressure increased significantly (23 + 3 to 45 + 6 
and 4 + 2 to 11 + 3 mm Hg; p «0.001, respectively) it 
is difficult to determine whether an increase in preload 
or afterload was the predominant factor in the marked 
increase in +dP/dtmax. Wildenthal et al? showed a sim- 
ilar phenomenon in the canine left ventricle where 
+dP/dtmax increased when aortic diastolic pressure was 
acutely increased from a low to high level as preload 
and heart rate were held constant; this increase was 
greater when the initial diastolic pressure was lower. 
Furthermore, Beck et al” reported little change in LV 
dP/dtmax after a premature ventricular contraction 
when ejection commenced at a lower aortic diastolic 
pressure. These data may explain the failure of --dP/ 
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FIGURE 4. Individual data points for right 
ventricular (RV) end-systolic volume 
(RVESV), RV end-diastolic volume 
(RVEDV), right ventricular ejection frac- 
tion (RVEF) and stroke volume in the con- 
trol beat and postextrasystolic potentia- 
tion (PESP) beat. 





PESP 


dtmax to increase in the postextrasystolic beat in this in- 
vestigation because developed pressure (difference be- 
tween RV end-diastolic pressure and pulmonary artery 
diastolic pressure) decreases to extremely low levels or 
is totally abolished (patients number 7 and 11). None- 
theless, we have no evidence of enhanced contractility in 
the potentiated beat because end-systolic volume did not 
decrease in the face of a stable end-systolic pressure. 

The physiologic implications of this study suggest 
that despite the differences in right and left ventricular 
chamber properties, both ventricles follow a force-inter- 
val relation of PESP in the intact circulation. However, 
the mechanism of PESP in the right ventricle may re- 
sult from a preload-dependent mechanism rather than a 
change in contractile function that cannot be evaluated 
using dP/dtmax because developed pressure is small and 
+dP/dtmax is not isovolumic. 
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SYSTEMIC HYPERTENSION 





Risk of Ventricular Arrhythmias in Hypertensive 
Men with Left Ventricular Hypertrophy 


David Siegel, MD, MPH, Melvin D. Cheitlin, MD, Dennis M. Black, PhD, Dana Seeley, MS, 
Norman Hearst, MD, MPH, and Stephen B. Hulley, MD, MPH 


The echocardiographic predictors of ventricular 
arrhythmias are reported for the Hypertension 
Arrhythmia Reduction Trial. Men with mild hyper- 
tension were withdrawn from their diuretic therapy 
and repleted with 40 mEq/day of oral potassium 
and 20 mEq/day of oral magnesium for 1 month. 
M-mode echocardiography and 24-hour continuous 
ambulatory electrocardiography were performed on 
123 men, mean age 62 years. Forty-eight men 
(3996) had echocardiographic evidence of left ven- 
tricular (LV) hypertrophy defined as an LV mass 
index >134 g/m? and this finding was not related 
to the presence of LV hypertrophy on electrocar- 
diogram or to age. Men who had echocardiographic 
LV hypertrophy were more likely than men without 
echocardiographic LV hypertrophy to have 230 
ventricular premature complexes (VPCs)/hr (odds 
ratio — 2.7; 9596 confidence interval — 0.9, 8.0), 
multiform extrasystoles (odds ratio — 1.7; confi- 
dence interval — 0.8, 3.7), episodes of ventricular 
tachycardia (odds ratio — 2.3; confidence interval — 
0.7, 7.1) and the combination of frequent (230 
VPCs/hr) or complex (ventricular couplets, multi- 
form extrasystoles or episodes of ventricular tachy- 
cardia) ventricular arrhythmia (odds ratio — 1.7; 
confidence interval — 0.8, 3.5). Similar associations 
between echocardiographic LV hypertrophy and 
ventricular arrhythmias were observed on 24-hour 
tracings obtained on entry to the study (before 
electrolyte repletion) in the 96 men who were tak- 
ing diuretics at this time. The combination of a fre- 
quent or complex arrhythmia was also more com- 
mon in men aged 60 to 70 compared to men aged 
35 to 59 (odds ratio — 3.4; confidence interval = 
1.4, 8.2). These findings suggest that ventricular 
arrhythmias occur more commonly in older hyper- 
tensive men and in hypertensive men with echocar- 
diographic LV hypertrophy. 

(Am J Cardiol 1990;65:742-747) 
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fined by electrocardiographic criteria, chest x-rays 

or echocardiography, is associated with an in- 
creased risk of heart attack and sudden death.' Hyper- 
tensive patients with LV hypertrophy by electrocardio- 
graphic criteria who are not receiving treatment have 
been shown to have significantly more ventricular ec- 
topy than either hypertensive patients without electro- 
cardiographic evidence of LV hypertrophy or normoten- 
sive patients.? It is not known whether this effect is also 
found in hypertensive patients with LV hypertrophy di- 
agnosed by echocardiography. 

One recent study found that patients with LV hyper- 
trophy by electrocardiographic criteria had significantly 
more premature ventricular contractions and more com- 
plex (higher Lown's class) ventricular ectopy than hy- 
pertensive subjects without LV hypertrophy or with LV 
hypertrophy diagnosed only by echocardiographic crite- 
ria.?4 However, tlie investigators used measurements of 
posterior wall thickness, septal wall thickness and rela- 
tive wall thickness to define echocardiographic LV hy- 
pertrophy. This definition has not been found to corre- 
late as well with clinical and necropsy LV hypertrophy 
as that calculated by LV mass index? Thus, many of 
the individuals included in the LV hypertrophy group in 
this study did not meet LV mass criteria of LV hyper- 
trophy. 

A recent Framingham study found that the presence 
of echocardiographic LV hypertrophy was associated 
with an increased risk for ventricular arrhythmias on 1- 
hour ambulatory electrocardiographic readings.? This 
study evaluated all surviving members of the Framing- 
ham cohort and did not control for the diagnosis of hy- 
pertension, the use of antihypertensive medicines or se- 
rum electrolyte values. Thus, the results may have been 
confounded by the use of antihypertensive medicines, 
especially hydrochlorothiazide, in the echocardiographic 
LV hypertrophy group who had higher systolic and dia- 
stolic blood pressures than those without echocardio- 
graphic LV hypertrophy. 

We compared the presence of ventricular arrhyth- 
mias on 24-hour ambulatory electrocardiographic read- 
ings in hypertensive men with and without echocardio- 
graphic LV hypertrophy who had been withdrawn from 
diuretic therapy and repleted with oral potassium and 
magnesium for 1 month. 


| eft ventricular (LV) hypertrophy, whether de- 


METHODS 

Background: The Hypertension Arrhythmia Reduc- 
tion Trial is a clinical trial designed to assess the 
frequency and severity of ventricular arrhythmias asso- 


T 





(n = 48) 











Age (yrs) 
Race (%) 

Asian 6 

Black 13 

Hispanic 8 

Indian 2 

White 69 

Other 2 
Systolic BP (mm Hg) 144+ 17.2 
Diastolic BP (mm Hg) 86+ 9.7 
Pulse 68 + 9.6 
BSA (m?) 1.91+0.20 
Potassium 4.29 + 0.32 
Magnesium 1.99 + 0.18 
Cigarette smoker (95) 

Current 19 

Past 67 

Never 


Antihypertensive other than diuretic (96 






All + data are mean + standard deviation. 
BP = blood pressure; BSA = body surface area. 


TABLE Il Echocardiographic Characteristics of the Study Population 
Echocardiographic 






TABLE I Characteristics of Study Sample According to Echocardiographic Left Ventricular Hypertrophy Status 
Present Absent Total 


(n = 75) (n = 123) 















7 7 
24 20 
9 7 
0 1 
64 66 
0 1 
147 + 18.4 146 + 17.9 
88 + 10.9 87 + 10.4 
76 411.6 734115 
1.91 € 0.17 1.91 € 0.18 
4.34 + 0.43 4.32 + 0.40 
2.01 € 0.16 2.00 € 0.17 
19 19 
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Septal wall thickness (cm) 
Posterior wall thickness (cm) 
Left ventricle in diastole (cm) 


LV mass (g) 


LV Hypertrophy 
eT) 
Present Absent Total 


(n = 48) 


1.20 € 0.16 
1.11 +0.14 
9.44 + 0.53 
302 + 52 


1.07 £0.11 
1.03 + 0.07 
4.90 + 0.35 
221 + 32 
116+ 14 


(n = 123) 


1.121 0.14 
1.06 x 0.11 
9.11 € 0.50 
253 + 57 
133 + 28 


LV mass index (g/m?) 159 + 24 


Data are mean + standard deviation. 
LV = left ventricular. 


ciated with different diuretic combinations in hyperten- 
sive men. The study group represents a target popula- 
tion of hypertensive men between the ages of 35 and 70 
with abnormal electrocardiograms. Subjects were in- 
cluded in the study if they had been taking diuretics for 
at least 6 months and their diastolic blood pressure was 
«95 mm Hg, or had not been on diuretic therapy but 
had a history of hypertension and were either taking 
nondiuretic antihypertensive drugs or had a diastolic 
blood pressure 290 mm Hg. Informed consent was ob- 
tained from all subjects and the study design was ex- 
plained to the subjects’ physicians. Twelve-lead electro- 
cardiograms were performed on all patients at entry 
into the study. Only patients with abnormal resting 
electrocardiograms were entered. For purposes of the 
study, abnormality on electrocardiogram was defined as 
any deviation from normal, including nonspecific ST-T- 
wave changes, arrhythmias, conduction abnormalities 
and LV hypertrophy. We report here on the association 
between LV hypertrophy and ventricular arrhythmias 
during the baseline period in a subset of study subjects: 
men who were examined by echocardiography. 
Patients who were taking medications that might in- 
fluence the development of ventricular arrhythmias 





such as antiarrhythmic drugs, including @ blockers, the- 
ophylline and digitalis, were excluded. Other antihyper- 
tensive medication not commonly associated with ar- 
rhythmias, such as o methyldopa, clonidine, enalapril or 
prazosin, were not a basis for exclusion and were contin- 
ued throughout the study. We also excluded patients 
with a history of recent myocardial infarction (within 6 
months), congestive heart failure, angina pectoris, renal 
insufficiency (creatinine >2.0 mg/dl) or other serious 
illness including psychiatric disabilities, or inability or 
unwillingness to give informed consent. 

Design overview: All patients were withdrawn from 
diuretic treatment for 1 month with a determination of 
their blood pressure 2 weeks after stopping the diuretic. 
After 1 month of oral therapy with both 40 mEq of 
potassium chloride and 20 mEq of magnesium oxide 
daily, serum potassium and magnesium were deter- 
mined. Continuous 24-hour electrocardiographic moni- 
toring was performed at the beginning and end of the 
electrolyte repletion month. 

Echocardiographic measurements: M-mode echo- 
cardiograms were performed on all patients at entry 
into the study using either an ATL 851-B or General 
Electric class C model. Measurements were made ac- 
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TABLE III Echocardiographic Left Ventricular Hypertrophy 
Status by Electrocardiographic Left Ventricular Hypertrophy 
Status 





Echocardiographic 
LV Hypertrophy 


—— ———Ó— 










Electrocardiographic 


LV Hypertrophy Present Absent 





Present 
Absent 
Total 


LV = left ventricular. 


cording to the recommendations of the American Soci- 
ety of Echocardiography using a leading edge to leading 


edge convention.’ Two-dimensional echocardiography 
was used in the parasternal long-axis view to select the 
place where the M-mode echocardiographic measure- 
ments would be taken. Measurements were made at the 
tips of the mitral valve leaflets posterior to the tips of 
the papillary muscles. Measurements of the LV internal 
dimension, posterior wall thickness and ventricular sep- 
tal thickness were used to calculate LV mass according 
to the formula: 1.04 [(LV internal dimension + posteri- 
or wall thickness + ventricular septal thickness 3 — (LV 
internal dimension)?] — 14 g^ LV mass index was cal- 
culated by dividing the LV mass by the body surface 
area. LV hypertrophy was defined as a calculated echo- 
cardiographic LV mass index of >134 g/m’. 

Electrocardiographic measurements: Standard 12- 
lead electrocardiograms were performed on all subjects 
and interpretation was performed by one of the investi- 
gators (MC) who was blinded to the echocardiographic 
and continuous 24-hour electrocardiographic monitor- 
ing results. Participants were judged as meeting criteria 
for electrocardiographic LV hypertrophy if they met ei- 
ther Estes, Sokolow-Lyons or frontal plane criteria.-!0 

Continuous electrocardiographic monitoring: Con- 
tinuous 24-hour electrocardiographic monitoring was 
performed using the Cardiotechorder III dual lead sys- 
tem. The electrocardiogram was recorded continuously 
on tape using a cassette system. Whole tapes were print- 
ed at high speed on recording paper using the Cardio 
Data Corp. Mark IV. Specific areas of interest, identi- 
fied by irregularity on the QRS pattern, were printed at 
real time and analyzed by a cardiologist who was blind- 
ed to the blood pressure and echocardiographic status of 
the participant. Ventricular arrhythmias were classified 
in a manner similar to that of Lown et al? according to 
the presence of the following arrhythmia types: ventric- 
ular premature complexes (VPCs), multiform extrasys- 
toles, ventricular couplets, ventricular tachycardia and 
R-on-T ventricular premature complexes. À summary 
category of the presence of a frequent (230 VPCs /hr) 
or a complex (presence in 24 hours of any of the follow- 
ing: multiform extrasystoles, ventricular couplets, ven- 
tricular tachycardia or R-on-T VPC) ventricular ar- 
rhythmia was also created. 

Serum electrolytes: Peripheral venous blood was 
drawn from the antecubital fossa in 10-ml Vacutainers 
(Becton-Dickinson) using the standard tourniquet 
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method. The subjects were seated and the arm firmly 
supported on a flat surface at about waist level. Care 
was taken to apply the tourniquet for no longer than 2 
minutes. The vacutainer tube was centrifuged at 200 
rpm at room temperature for 10 minutes to separate 
serum from clotted erythrocytes. Serum was then re- 
moved from the tube and centrifuged a second time to 
remove any remaining cells. For serum magnesium de- 
terminations, the serum was diluted 1:100 in 0.5% lan- 
thanum chloride and magnesium content of samples 
was measured in flame mode with a Perkin-Elmer 
(model 2380) atomic absorption spectrophotometer us- 
ing a 3-slot head. For serum potassium determinations, 
the serum was diluted 1:100 in 0.5% lanthanum chlo- 
ride and potassium content of samples was measured 
directly on a flame photometer. 

Statistical analysis: Statistical analysis was per- 
formed using Statistical Analysis System software on an 
IBM 4341 mainframe computer. '' Odds ratios and 95% 
confidence intervals were calculated to evaluate the re- 
lation between age (35 to 59 vs 60 to 70) and arrhyth- 
mia outcomes (230 VPCs/hr, presence in 24 hours of 
any of the following: multiform extrasystoles, ventricu- 
lar couplets, ventricular tachycardia or R on T VPC or 
complex or frequent arrhythmia). Odds ratios and 95% 
confidence intervals were also computed for the associa- 
tion between the presence of echocardiographic LV hy- 
pertrophy and the various arrhythmia outcomes. A sim- 
ilar analysis was performed to evaluate the association 
between LV hypertrophy by electrocardiographic and 
arrhythmia outcomes. 


RESULTS 

Study population: Clinical characteristics of the 
echocardiographic LV hypertrophy positive compared 
to the echocardiographic LV hypertrophy negative men 
are listed in Table I. There was little difference between 
the 48 echocardiographic LV hypertrophy positive and 
75 echocardiographic LV hypertrophy negative men in 
terms of age, race, systolic and diastolic blood pressures, 
body surface area, serum electrolyes and smoking histo- 
ry. Electrocardiographic LV hypertrophy positive men 
tended to differ from electrocardiographic LV hypertro- 
phy negative men: they were younger (mean age 56 vs 
63 years), more commonly black (44 vs 16%), had high- 
er systolic (152 vs 145 mm Hg) and diastolic (93 vs 87 
mm Hg) blood pressures and body surface areas (1.99 
vs 1.90 m2), and were less frequently a current smoker 
(0 vs 22%). However, there were only 16 men in the 
electrocardiographic LV hypertrophy positive group 
and the differences were not statistically significant. 

Echocardiographic characteristics: Echocardio- 
graphic LV hypertrophy positive men had greater septal 
wall thickness, posterior wall thickness and greater LV 
internal dimension in diastole than echocardiographic 
LV hypertrophy negative men (p <0.01 in each) (Table 
II). The mean LV mass index was 159 in the echocar- 
diographic LV hypertrophy positive men and 116 in the 
echocardiographic LV hypertrophy negative men. There 
was no association between echocardiographic LV hy- 
pertrophy and electrocardiographic LV hypertrophy in 
our study. The majority (92%) of echocardiographic LV 


— 


Age group (yrs) 


35 to 59 
(n = 35) 


60 to 70 
(n = 88) 


% No. 


VPCs/hr 
O 
0.01 to 29.99 
230 
Pair /24 hrs 
MF /24 hrs 
VT /24 hrs 
C-or-F 


OR (95% Cl)* 


6.4 (0.8,50.9)! 
2.0 (0.7,5.8) 
4.4 (1.5,12.3) 
5.9 (0.7,46.9) 
3.4 (1.4,8.2) 


C-or-F = complex or frequent arrhythmia (230 VPCs/hr or any of the following grades); MF = multiform extrasystole VPCs; Pair = presence of ventricular couplet; VPCs = 


ventricular premature complexes; VT = ventricular tachycardia. 
* Odds ratio and 95% confidence interval. 
t Odds ratio for 230 vs «30 VPCs/hr. 


Echocardiographic LV Hypertrophy 


Absent 
(n = 75) 


Present 
(n = 48) 


% No. 


VPCs/hr 
0 
0.01 to 29.99 
230 
Pair /24 hrs 
MF /24 hrs 
VT /24 hrs 
C-or-F 


hypertrophy positive men were electrocardiographic LV 
hypertrophy negative and the majority (75%) of electro- 
cardiographic LV hypertrophy positive men were echo- 
cardiographic LV hypertrophy negative (Table III). 

Continuous twenty-four-hour electrocardiograms: 
The prevalence of the various forms of ventricular ar- 
rhythmias at the end of the 1-month electrolyte reple- 
tion phase is listed in Table IV. Men aged 60 to 70 
compared to men aged 35 to 59 were more likely to 
have 230 VPCs/hr (odds ratio = 6.4; 95% confidence 
interval = 0.8, 50.9), ventricular couplets (odds ratio = 
2.0; confidence interval = 0.7, 5.8), multiform extrasys- 
toles (odds ratio = 4.4; confidence interval = 1.5, 12.3), 
episodes of ventricular tachycardia (odds ratio = 5.9; 
confidence interval = 0.7, 46.9) and the combination of 
a frequent (230 VPCs/hr) or complex arrhythmia 
(odds ratio = 3.4; confidence interval = 1.4, 8.2). The 
95% confidence interval excluded one for both multi- 
form extrasystoles and for the combination of a fre- 
quent or complex arrhythmia and thus these differences 
are statistically significant (p <0.05). 

Men who met echocardiographic criteria of LV hy- 
pertrophy were more likely to have 230 VPCs/hr (odds 
ratio = 2.7; confidence interval = 0.9, 8.0), multiform 


OR (95% Cl) 


2.7 (0.9,8.0)* 
0.9 (0.4,2.2) 
1.7 (0.8,3.7) 
2.3 (0.7,7.1) 
1.7 (0.8,3.5) 





extrasystoles (odds ratio = 1.7; confidence interval = 
0.8, 3.7), episodes of ventricular tachycardia (odds ratio 
= 2.3; confidence interval = 0.7, 7.1), and the combina- 
tion of a frequent or complex arrhythmia (odds ratio = 
1.7; confidence interval = 0.8, 3.5) compared to LV hy- 
pertrophy negative men (Table V). The difference be- 
tween echocardiographic LV hypertrophy positive and 
negative men did not quite reach statistical significance 
for any of the arrhythmia classifications studied with 
the 95% confidence intervals including one in each case. 

Ninety-six of the participants (38 echocardiographic 
LV hypertrophy positive and 58 echocardiographic LV 
hypertrophy negative men) also had continuous 24-hour 
electrocardiographic monitoring performed while taking 
diuretics before repletion with oral potassium and mag- 
nesium. Analysis of the prevalence of the above ar- 
rhythmia categories was similar to the results after 
withdrawal from diuretics: 230 VPCs/hr (odds ratio = 
2.0; confidence interval = 0.5, 8.2), multiform extrasys- 
toles (odds radio = 1.6; confidence interval = 0.7, 3.7), 
episodes of ventricular tachycardia (odds ratio = 4.2; 
confidence interval = 0.8, 23.1) and the combination of 
a frequent or complex arrhythmia (odds ratio = 1.7; 
confidence interval = 0.7, 3.9) comparing echocardio- 
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graphic LV hypertrophy positive to echocardiographic 
LV hypertrophy negative men. 

The prevalence of the various forms of ventricular 
arrhythmias according to electrocardiographic LV hy- 
pertrophy was also analyzed. There was no substantial 
difference between the electrocardiographic LV hyper- 
trophy positive and negative subjects, but our analysis is 
hampered by the small number of electrocardiographic 
LV hypertrophy positive men. 


DISCUSSION 

Although our study results cannot be viewed as con- 
clusive because they did not quite reach statistical sig- 
nificance, the odds ratios of 1.7 to 2.7 and the corre- 
sponding 95% confidence intervals for 4 of 5 of the 
arrhythmia outcomes studied strongly suggest that 
echocardiographic LV hypertrophy positive men have 
more frequent and complex arrhythmias than echocar- 
diographic LV hypertrophy negative men. These find- 
ings extend and clarify those of the Framingham study. 
In the Framingham cohort, all individuals who had sur- 
vived until 1979 were studied and the echocardiographic 
LV hypertrophy positive group may have contained a 
higher proportion of hypertensive patients taking medi- 
cation with electrolyte abnormalities than the echocar- 
diographic LV hypertrophy negative group. Thus, their 
finding that echocardiographic LV hypertrophy positive 
individuals had more frequent and complex ventricular 
arrhythmias than echocardiographic LV hypertrophy 
negative individuals may have reflected more electrolyte 
abnormalities in the LV hypertrophy positive group or 
some unmeasured effect of their hypertensive medica- 
tion, particularly diuretics. 

Our study subjects were hypertensive men with- 
drawn from their diuretics and given oral potassium and 
magnesium for 1 month before their ambulatory elec- 
trocardiograms. After electrolyte repletion, serum po- 
tassium and magnesium determinations, as well as age, 
systolic and diastolic blood pressures and smoking, were 
similar between the echocardiographic LV hypertrophy 
positive and negative men. Thus, we believe that our 
findings of increased frequency and complexity of ven- 
tricular arrhythmias do not represent the effects of elec- 
trolyte or other cardiac risk factor differences between 
groups. Rather we think they represent an increased 
risk for ventricular arrhythmias in hypertensive men 
with echocardiographic LV hypertrophy based on in- 
trinsic cardiac mechanisms. Additionally, 96 of the par- 
ticipants also had continuous 24-hour electrocardio- 
graphic monitoring performed while taking diuretics be- 
fore repletion with oral potassium and magnesium. 
Analysis of the prevalence of the arrhythmia categories 
was similar to the results after withdrawal from diu- 
retics suggesting that diuretic therapy did not confer ad- 
ditional arrhythmia risk in echocardiographic LV hy- 
pertrophy positive patients and that repletion with po- 
tassium and magnesium did not diminish arrhythmia 
risk. This finding also supports results from the Fra- 
mingham study, indicating that their findings were due 
to LV hypertrophy rather than the unmeasured effects 
of diuretics. 
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Considerable controversy remains around the influ- 
ence of diuretic therapy on ventricular arrhythmias. 
Some studies indicate an association between diuretic 
therapy and ventricular arrhythmias in patients with or- 
ganic heart disease!^'!^ while others do not.!5!6 One 
study evaluated the association of hypertension, LV hy- 
pertrophy and diuretic treatment using continuous 24- 
hour electrocardiographic monitoring to detect the fre- 
quency and severity of ventricular arrhythmias.'’ In 18 
patients with LV hypertrophy studied, there were 5.7 + 
9.9 VPCs/hr before treatment and 7.1 + 16.6 VPCs/hr 
after treatment with 100 mg of hydrochlorothiazide dai- 
ly for 1 month. The investigators claim that the differ- 
ences were not statistically significant, but no actual p 
value was given, and the study was far too small to reli- 
ably detect even a 2-fold increase in the number of 
VPCs.'® Although our results appear to support a lack 
of association between diuretic therapy and ventricular 
arrhythmias in hypertensive patients with LV hypertro- 
phy, the patients reported here were not randomized to 
diuretics and thus our results should be interpreted with 
caution. 

We found that most (92%) men with echocardio- 
graphic LV hypertrophy did not have electrocardio- 
graphic LV hypertrophy and most (75%) men with elec- 
trocardiographic LV hypertrophy did not have echocar- 
diographic LV hypertrophy. This is consistent with 
prior studies?!? and indicates that echocardiography 
identifies a larger and to some degree different group of 
individuals with LV hypertrophy than does LV hyper- 
trophy based on electrocardiographic criteria. Unlike 
other studies,*° the individuals with electrocardio- 
graphic LV hypertrophy in our study did not appear to 
be at increased risk of ventricular arrhythmias. How- 
ever, we had relatively few (16) subjects in our study 
with electrocardiographic LV hypertrophy. As in prior 
studies, we found a higher prevalence of all the ventric- 
ular arrhythmia outcomes studied with older age; differ- 
ences between subjects 60 and 70 years of age and 35 
and 59 years of age reached statistical significance for 
multiform extrasystoles and the combination of a fre- 
quent or complex arrhythmia. 

The clinical relevance of the ventricular arrhythmias 
that we studied is not yet known. The importance of 
determining LV hypertrophy in hypertensive individuals 
is based on the recognition that these individuals are at 
increased risk of cardiovascular mortality.! Determining 
the mechanism of increased risk could lead to testing 
therapeutic interventions aimed at either reversing LV 
mass with specific antihypertensive medication?2? or 
by controlling specific manifestations such as ventricu- 
lar arrhythmias. Studies are needed to determine if a 
decrease in cardiovascular risk will result from a de- 
crease in cardiac mass. 
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CONGESTIVE HEART FAILURE 


Usefulness of Dopexamine Hydrochloride Versus 
Dobutamine in Chronic Congestive Heart Failure 
and Effects on Hemodynamics and Urine Output 


Gert Baumann, MD, Stephan B. Felix, MD, and Sarah A.L. Filcek, BSc 





The hemodynamic effects of dopexamine hydro- 
chloride and dobutamine were compared during 
dose-response infusions of dopexamine (1.0 to 4.0 
ug/kg/min) and dobutamine (2.5 to 10.0 pg/kg/ 
min) and during 48-hr infusions at doses producing 
initial matched increases in cardiac output. Thirty- 
three patients with severe, stable, chronic conges- 
tive heart failure (CHF) (New York Heart Associa- 
tion class Ill to IV) participated. Both drugs pro- 
duced an increase in cardiac index, brought about 
by increased stroke volume index and heart rate, 
and systemic vasodilatation. The relative contribu- 
tion of these mechanisms differed, dopexamine 
proving the more potent vasodilator. The effects of 
dopexamine were maintained without variation 
during the 48-hr infusion, apart from a reduction in 
the increase in heart rate. The effects of dobuta- 
mine, while remaining above control at most time- 
points during the 48-hr infusion, attenuated toward 
control values. Dopexamine also appeared to pro- 
mote increased urine output and creatinine clear- 
ance during the 48-hr infusion. Both drugs were 
well tolerated. Dopexamine elicited larger peak he- 
modynamic effects at dosages that had equivalent 
effects on cardiac output, and favorable renal re- 
sponses, and demonstrated no long-term attenua- 
tion of effect. 

(Am J Cardiol 1990;65:748-754) 
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effects are of potential benefit in patients with 

congestive heart failure (CHF).! Dobutamine, 
widely used for short-term treatment of exacerbations 
of heart failure, is a racemic mixture of 2 isomers, both 
of which increase myocardial contractility through stim- 
ulation of cardiac 6)-adrenoceptors and, respectively, œ- 
and (>-adrenoceptors,* with a net hemodynamic effect 
of increased cardiac output and stroke volume and mild 
systemic vasodilatation.? 

Dopexamine hydrochloride is a new agent that pro- 
vides mild positive inotropism and systemic and renal 
vasodilatation through stimulation of 8;-adrenergic and 
dopamine receptors.^? It has minimal effect at /- 
adrenoceptors and probably exerts its inotropic effects 
through stimulation of myocardial /8;-adrenoceptors 
with additional effect, like dobutamine, through inhibi- 
tion of catecholamine reuptake.’ 

Both dobutamine and dopexamine have been shown 
to improve myocardial performance in the short- 
term.??!? However, the progressive loss of responsive- 
ness of cardiac 6-adrenoceptors spontaneously! !-!? and 
with chronic stimulation!'.!^—a decline that is probably 
more rapid in CHF patients!?—may limit the long-term 
usefulness of such agents, irrespective of the underlying 
etiology of CHF. We compared the effects of dopexa- 
mine and dobutamine on hemodynamics and urine out- 
put in CHF patients during short-term and 48-hr infu- 
sions, and investigated possible tolerance to these 
agents. 


D rugs combining positive inotropic and vasodilator 


METHODS 

Patients: Thirty-three patients (5 women, 28 men), 
mean age 60 years (range 37 to 74), entered this study. 
All had New York Heart Association functional class 
III or IV symptoms of heart failure secondary to cardio- 
myopathy (22 patients) or ischemia (7 patients). Cause 
of heart failure was unspecified for 4 patients. The 
study population was selected from patients who were in 
the intensive care unit for hemodynamic assessment and 
who were hemodynamically moderately abnormal but 
relatively stable. Entry into the study was precluded by 
pregnancy or possibility of pregnancy, an important car- 
diac arrhythmia other than atrial fibrillation, unstable 
diabetes mellitus, serum potassium below the lower lim- 
it of normal for the laboratory, renal impairment, cardi- 
ac failure due to primary valvular disease or severe hy- 
pertension. Patients were not permitted to take 8-adre- 
nergic antagonists during the 48 hours before the study, 
or to receive vasodilator or inotropic drugs other than 


{ 


digoxin during the study. Diuretics were not given after 
2 hours before the study. Written, informed consent was 
obtained from each patient. The protocol was approved 
by the ethical committee of the Technical University of 
Munich. 

Study design: This was an open, comparative study 
in 3 stages. During a 1-hr baseline, measurements were 
taken at 15-minute intervals. Each patient then received 
dose-ranging infusions of dopexamine (1.0, 2.0, 3.0 and 
4.0 ug/kg/min) and dobutamine (2.5, 5.0, 7.5 and 10.0 
ug/kg/min) separated by a 1-hr washout period; hemo- 
dynamic variables were recorded after 15 minutes at 
each infusion rate. The order in which the 2 drugs were 
given was randomly assigned. The dose of the second 
drug that produced a 40% increase in cardiac output 
was continued for 48 hours, and hemodynamic variables 
were recorded at 1, 2, 3, 4, 5, 6, 12, 24, 36 and 48 hours. 
In the second hour of a 2-hr washout that followed the 
48-hr infusion, hemodynamic variables were again re- 
corded at 15-minute intervals. In a final dose titration 
(at the same doses used in the initial dose titration), 
patients were given the drug that they had received dur- 
ing the 48-hour infusion and hemodynamic variables 
were once again recorded after 15 minutes at each infu- 
sion rate. 


Dopexamine Dobutamine Dopexamine 


Cardiac index (L: min; m?) 
45 


Stroke volume index (mL. m?) 


Heart rate (beats/min) 


0 10 20 30 40 500 10 20 30 40 50 
Time (h) 





Mean biood pressure (mmHg) 


0 10 20 30 40500 10 20 30 40 50 
Time (h) 





Urine output, urinary sodium and creatinine clear- 
ance were determined in 24-hr blocks during the 48-hr 
infusion, with the 24 hours preceding the initial dose 
titration serving as the control period. Also, in the last 
10 patients, urinary data were collected for the first 6 
hours of the 48-hr infusion and fluid balance was re- 
corded for the whole 48 hours. 

The following hemodynamic variables were recorded 
or derived (according to standard formulas): cardiac in- 
dex, stroke volume, heart rate, systemic vascular resis- 
tance, mean blood pressure, pulmonary artery capillary 
wedge pressure, right atrial pressure, pulmonary artery 
pressure, cardiac output and pulmonary vascular resis- 
tance. Hemodynamic variables were recorded in tripli- 
cate throughout the study. 

Statistical analysis: Parametric statistical methods 
were used for all data. Within-treatment comparisons of 
the dose-titrations and the 48-hr infusions were ana- 
lyzed using a 2-way analysis of variance, with dose and 
patients (dose-titrations) and time and patients (48-hr 
infusion) as factors. Where a significant dose or time 
effect was seen, pairwise comparisons of the mean val- 
ues were made using the least significant difference 
method. The initial and final dose titrations were com- 
pared by paired ¢ tests. Between-treatment comparisons 


Dobutamine 


Dopexamine Dobutamine 


Pulmonary vascular resistance (dyn s cm5) 


Systemic vascular resistance (dyn s cm") 


0 10 20 30 40 500 10 20 30 40 50 
Time (h) 


FIGURE 1. A, effects of dopexamine and dobutamine during 48-hr infusion on cardiac index, stroke volume index and heart rate 

(mean + standard deviation). Asterisks refer to significance of treatment effect compared with control values; arrowed 

asterisks refer to significant differences between effects at 1 hr and 48 hours. B, effects of dopexamine and dobutamine 

during 48-hr infusion on mean blood pressure, systemic vascular resistance and pulmonary artery capillary wedge (PACW) 

pressure (mean + standard deviation). C, effects of dopexamine and dobutamine during 48-hr infusion on pulmonary vascular 

resistance, mean pulmonary artery pressure and right atrial pressure (mean + standard deviation). Significance assessed using 
significant 


least 


difference method with p = 0.05. N = 15 for each treatment. C = control; — = baseline. 
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TABLE I Comparison of Dopexamine Hydrochloride and Dobutamine at Doses Producing a 40% Increase in Cardiac Output 


Control 


Dopexamine 


89+15 
2.2.4: 016 
26+ 11 
1,666 + 402 
89 1 7.9 
25 + 8.0 


Heart rate (beats/min) 

Cardiac index (liters / min / m?) 

Stroke volume index (ml /m?) 

Systemic vascular resistance (dynes s cm?) 

Mean blood pressure (mm Hg) 

Pulmonary artery capillary wedge pressure (mm Hg) 
Data are mean + standard deviation. 


* Paired t test on mean changes from control for 28 patients. 
NS = not significant; SD = standard deviation. 


of hemodynamic effects were made by estimating, from 
linear interpolation of the dose-response curve, the dose 
of each drug that produced a 40% increase in cardiac 
output and comparing other hemodynamic variables at 
this dose by paired ¢ test. Such a method assumes a 
linear response between consecutive doses, but does al- 
low comparison of like with like. The effects of the 2 
treatments during the 48-hr infusion were analyzed by 
comparing mean changes from control at each time- 


Dobutamine 


1,650 + 452 





Between-Treatment 
Significance* 
(p Value) 


Change from Control 


Dopexamine Dobutamine 


2.8 X 4.8 
0.9 + 0.3 
9.2144 
—497 +173 
~3./ 45:9 
-5.7 € 30 


8.141 8.5 
0.9 + 0.3 
7.4144 
—375 + 174 
5:9 + 6:5 
-3, 5431 


89 + 16 
2.2 0.7 
erll 


88 + 8.5 
25+ 8.0 


point using unpaired : tests. All statistical tests were 2- 
tailed and carried out at the 5% level of significance. 


RESULTS 

Withdrawals, safety and exclusions: Three patients 
did not complete the study: 2 failed to respond clinically 
during the initial dose-titration with either drug and did 
not proceed to the 48-hr infusion; 1 patient had tachy- 
cardia during the 48-hr infusion (dopexamine) and was 
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withdrawn after 19.5 hours. No other adverse events 
were seen. Sixteen patients received dopexamine fol- 
lowed by dobutamine and 17 received dobutamine and 
then dopexamine. All 33 patients received the complete 
initial dose titration of dopexamine; 1 patient did not 
receive all doses of dobutamine and was excluded from 
this analysis. All patients returned to control levels be- 
tween infusions so it was considered unnecessary to test 
for a treatment order effect. For the between-treatment 
comparison at doses producing a 40% increase in cardi- 
ac output, data from 5 patients who either failed to 
reach the specified increase in cardiac output or exceed- 
ed it at the lowest dose were excluded. 

Initial dose titration: Both drugs produced striking 
effects on central hemodynamic variables; in general 
there was a marked dose relation although this tended 
to flatten off between the third and fourth highest doses. 
Dopexamine produced significant, incremental increases 
in cardiac output and cardiac index at all doses, secon- 
dary to significant increases in stroke volume index at 
all doses and in heart rate at doses >1.0 ug/kg/min. 
Systemic vascular resistance was reduced significantly 
at all doses, as were diastolic and mean blood pressures. 
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PACW pressure (mmHg) 


35 


Right atrial pressure (mmHg) 
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Systolic blood pressure was unaffected. Pulmonary ar- 
tery pressures, pulmonary artery capillary wedge pres- 
sure, pulmonary vascular resistance and right atrial 
pressure were all significantly reduced. 

Dobutamine produced similar effects on cardiac out- 
put/index, stroke volume index and heart rate (in- 
creased at all doses) and systemic vascular resistance 
(reduced at all doses). However, mean and systolic 
blood pressures increased significantly at all doses, with 
increases in diastolic blood pressure at doses >7.5 ug/ 
kg/min. Dobutamine increased systolic and reduced 
diastolic pulmonary artery pressure; mean pulmonary 
artery pressure was unchanged. Pulmonary artery capil- 
lary wedge pressure was reduced at doses >5.0 ug/kg/ 
min. Effects on pulmonary vascular resistance were not 
significant. Again, right atrial pressure was decreased. 

Table I compares the hemodynamic effects of the 2 
drugs at matched doses producing a 40% increase in 
cardiac output. In the event that steady-state hemo- 
dynamics may not have been achieved in the 15-minute 
dose titrations, treatments were also compared 1 hr into 
the 48-hr infusion. While this analysis includes fewer 
patients (15 in each group), the results were very simi- 


FIGURE 2. A, Comparison of effects of dopexamine and dobutamine on 
cardiac index and stroke volume index (mean + standard deviation) during first 
(solid bars) and second (open bars) dose-response titrations. Significances 
refer to comparison of control values and absolute changes from control 
values during first and second dose titrations. B, Comparison of effects 

of dopexamine and dobutamine on systemic vascular resistance and mean 
blood pressure (mean + standard deviation) during first (solid bars) and 
second (open bars) dose-response titrations. Significances refer to 

comparison of control values and absolute changes from control values during 
first and second dose titrations. C, Comparison of effects of dopexamine and 
dobutamine on mean pulmonary artery pressure and 
tance (mean + standard deviation) during first (solid bars) and second (open 
bars) dose-response titrations. Significances refer to comparison of control 
values and absolute changes from control values during first and second dose 
titrations. D, Comparison of effects of dopexamine and dobutamine on pulmo- 
nary artery capillary wedge (PACW) pressure and right atrial pressure (mean 
+ standard deviation) during first (solid bars) and second (open bars) dose- 
response titrations. Significances refer to comparison of control values and ab- 
solute changes from control values during first and second dose titrations. *p 
«0.05; **p «0.01; ***p «0.001. N = 15 for each treatment. C = control. 


vascular resis- 
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Control 





Urine volume (ml) 









Data are mean + standard deviation. 
*n=16;'n=15. 

! Significance of between-treatment comparison. 
NS = not significant. 


lar, except that the changes from control in heart rate 
(mean + standard deviation, 4 + 8 beats/min dopexa- 
mine, 8 + 9 beats/min dobutamine) and stroke volume 
index (11 + 4 and 10 + 6 ml/m? for dopexamine and 
dobutamine, respectively) did not differ significantly be- 
tween the groups. The changes in systemic vascular re- 
sistance, mean blood pressure and pulmonary capillary 
wedge pressure were again significantly different at 1 hr 
of the 48-hr phase. 

Long-term hemodynamic effects: Figure 1 shows 
primary hemodynamic variables during the 48-hr infu- 
sion. Mean doses used during this period were 1.9 ug/ 
kg/min dopexamine and 6.3 ug/kg/min dobutamine. 
With dopexamine, apart from a reduction of the initial 
increase in heart rate, the significant effects seen at 1 hr 
were maintained throughout the 48 hours. The hemody- 
namic changes produced by dobutamine were generally 
significantly different from control values, but for most 
variables the changes decreased with time and at 48 
hours differed significantly from the 1-hr readings. 

Final dose titration: Both drugs, again, increased 
cardiac index and decreased systemic vascular resis- 
tance at all doses. The results of the initial and final 
dose titrations (each group comprising those patients 
who received that drug during the 48-hr infusion) are 
shown in Figure 2. Both treatments showed some loss of 
effect when the responses to the initial and final dose 
titrations were compared. There was a significant re- 
duction of the effect of dopexamine on cardiac index 
and cardiac output, stroke volume index and stroke vol- 
ume. Control values for these variables were higher at 
the start of the final titration than the original control 
values, and the peak effects were not as great as those 
attained in the initial infusion. Dobutamine, however, 
showed an even greater reduction of effect during the 
final dose titration, although control values for many 
variables were lower at the final dose titration than orig- 
inal control values. 

Urinary effects: Urine output, creatinine clearance 
and urinary sodium concentration recorded during the 
48-hr infusion are listed in Table II. In the 10 patients 
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TABLE Il Urine Volume, Urinary Sodium Concentration and Creatinine Clearance (Mean Values + SD) During 48-Hour Infusion 


(24 hours 
before infusion) 


Dopexamine* 1,786 + 682 1,285 + 970 1,269 + 908 

Dobutamine' 2,290 + 908 579 + 801 464 + 644 

Significance? NS p «0.05 p «0.01 
Urinary sodium concentration (mmol /liter) 

Dopexamine* 75: 25 494041 —4.3 + 30 

Dobutamine' 80 + 27 —].8 + 22 -144+18 

Significance! NS NS NS 
Creatinine clearance (ml/min) 

Dopexamine* 62 + 36 36 + 22 69+ 97 

Dobutamine* 72.5 + 46.8 —3.1 + 32.6 8.9 + 27.4 

Significance? NS p <0.001 p <0.05 
























Change from Control 





First 24 hours Second 24 hours 





in whom fluid balance was measured, urine balance did 
not differ significantly with treatment. Urine output 
during the first 6 hours of the 48-hr infusion did not 
differ significantly between treatments (mean values + 
standard deviation: dopexamine 183 + 78 ml/hr, dobu- 
tamine 136 + 64 ml/hr; p = 0.08). 


DISCUSSION 

Both treatments produced hemodynamic effects that 
are of benefit in the acute treatment of heart failure. 
Improvements in cardiac performance were attained 
through increased stroke volume and reduced left and 
right ventricular filling pressures, accompanied by mod- 
est increases in heart rate. Comparison of the 2 agents 
indicates that dopexamine is the more profound system- 
ic vasodilator, confirming previous reports. !6!7 

In contrast to dobutamine, which is inactive at dopa- 
mine receptors, the dopamine-receptor agonist proper- 
ties of dopexamine should mediate additional, preferen- 
tial renal vasodilatation. Dopexamine has been reported 
to improve variables associated with renal function,!8-20 
to an extent greater than could be attributed to in- 
creased cardiac output alone.*! The effects of dopexa- 
mine in the present study appear much superior to those 
of dobutamine, but the results should be interpreted 
with caution, since fluid intake was not measured in 
66% of the patients. The renal data may also reflect the 
effects of diuretics (usage of which was similar between 
the 2 groups) and subsequent equilibration. In addition, 
dopexamine maintained cardiac output to a greater ex- 
tent than dobutamine during the 48-hr infusion, which 
will have contributed to the increased diuresis. Sodium 
intake was not measured, since all patients were receiv- 
ing similar, low sodium diets. Nevertheless, the degree 
of diuresis seen in the dopexamine group, particularly 
when achieved without a change in urinary sodium con- 
centration, is of value in CHF patients, who are often 
fluid overloaded, have pulmonary congestion and may 
be diuretic-resistant. 

Many of the hemodynamic effects of dobutamine 
lessened with time, occasionally to the extent that by 48 
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hours the degree of effect did not differ from control. 
This is not altogether unexpected, given the greater con- 
tribution of 8;-adrenoceptor-mediated positive inotropy 
to the effects of dobutamine. It is now appreciated that 
heart failure is associated with a reduction in myocardi- 
al 8-adrenoceptor density, !-13.22 possibly due to a selec- 
tive loss, or downregulation, of myocardial 6;-adreno- 
ceptors.???^ It is tempting to speculate that the lack of 
attenuation of effect with dopexamine is due to B;-adre- 
noceptor-mediated inotropic effects, since (9;-adreno- 
ceptors may form an increasing proportion of the B- 
receptor population in failing, as opposed to normal, 
hearts.?? 

The hemodynamic effects of dopexamine were well 
maintained during the 48-hr infusion, with the excep- 
tion of heart rate, which returned to control levels after 
1 hr of the 48-hr infusion. Systemic vasodilatation prob- 
ably accounted for the major part of the improved car- 
diac performance but was not accompanied by an un- 
due decrease in arterial blood pressure. This appears to 
be an ideal hemodynamic profile for the treatment of 
low cardiac output such as that associated with acute 
exacerbations of heart failure, particularly when consid- 
ered alongside the likely diuretic effect of this agent. 
This maintenance of effect with dopexamine concurs 
with some results,?? but not others.?6 The higher doses 
of dopexamine used in the study of Murphy and Hamp- 
ton? could have resulted in downregulation of the 84- 
adrenoceptor-mediated effects of norepinephrine conse- 
quent to uptake-1 inhibition, or the subsensitivity of car- 
diac 8-adrenoceptors. Although the 8>-adrenoceptor is 
coupled more efficiently to adenylate cyclase in the non- 
failing heart, recent work?" shows that the G>-adreno- 
ceptor uncouples from subsequent events in the 8>-adre- 
nergic pathway in response to heart failure. Previous 
work with dobutamine has revealed tolerance to its ef- 
fects during long-term infusion,'4 and intermittent, 
“pulse” therapy has been proposed as one way to avoid 
this problem. As with dopexamine, however, results 
conflict.?* The finding of Pierpont et al?? of nonuniform 
reductions in myocardial norepinephrine concentrations 
in severe CHF patients may account partly for the dis- 
crepancies that have been observed with both agents. 

While dobutamine showed the most striking differ- 
ence between the first and second dose titrations in 
terms of the degree of change from control, a difference 
with dopexamine, albeit less marked, was also evident. 
Since the effects of dopexamine did not attenuate dur- 
ing the 48-hr infusion, the development of tolerance 
seems unlikely. Differences between the first and second 
set of control readings for many of the hemodynamic 
variables suggested an apparent improvement in the do- 
pexamine patients and a deterioration in the dobuta- 
mine group. Since both drugs have short plasma half- 
lives it is unlikely that either was present at appreciable 
plasma levels just before the final dose titration. The 
improved baseline hemodynamics in the dopexamine 
patients might be a direct result of the stronger diuresis 
and, hence, the permanently decreased cardiac preload 
in this group. 


Finally, it should be mentioned that the study group 
was highly selected and hemodynamically stable, and 
therefore may not be representative of the "average" 
CHF patient presenting at an intensive care unit. We 
preferred to include patients in stable sinus rhythm; 
those with atrial fibrillation were converted pharmaco- 
logically or electrically. We also included patients with 
high peripheral arterial resistance and high heart rates. 
Together with the exclusion of patients with renal im- 
pairment and those with major ventricular rhythm dis- 
turbances, these criteria resulted in only 33 of 142 po- 
tential patients being included in the present study. 
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inducible VT during invasive electrophysiologic testing. Slowing 
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Cardiac: Discontinuance due to cardiac adverse 
effects within the first month of study: 3.6% 

at starting dose (450 mg); 4.9% at high dose 
(900 mg). Of 2,127 patients in the study, 971 had 
malignant arrhythmias at baseline.’ 


Proarrhythmia incidence 4.7%: In 2,127 patients 
studied at recommended dosages in U.S. 
multicenter trials, proarrhythmia was manifested 
as ventricular tachycardia/fibrillation in 4% of the 
patients, and as increased PVCs in 0.7%.’ 


Of the patients who had new or worsening VT (4%), 92% had a history of 
VT and/or VT/VF, 71% had coronary artery disease, and 68% had a 
prior myocardial infarction. The incidence of proarrhythmia in patients 
with less serious or benign arrhythmias (a disease state for which the drug 
is not indicated) which include patients with an increase in frequency of 
PVCs, was 1.6%. Most proarrhythmic events occurred during the first 
week of therapy. 
























Non-Cardiac: 1.9% or less discontinuance due 
to non-cardiac side effects in each of the other 
body systems at 450 mg/day.’ 






6. Data on file, Knoll Pharmaceuticals. 
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Minimal Effect 
on LV Function 
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CHF Incidence 


3. 7% 1 n 2 127 
Patients 


Of the 3.7%: 
e 80% of patients had pre-existing CHF. 
e 85% had CAD. 





e 0.2% of patients without a prior history 
of CHE, attributed CHF to Rythmol. 
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Clinical studies show 
minimal effect on LV function.” 


Study I — In 26 patients with a 
mean ejection fraction under 
35%, no statistically signifi- 
cant decrease in LV ejection 
fraction was seen as the dose 
was increased from 450 mg 
to 900 mg from baseline. 
Study II — In 12 patients with ejection fractions under 40%, no 
significant reduction of LV ejection fraction was seen as de- 
termined by nuclear ventriculography. Brodsky, et al, Am Heart J;110:794-799, 1985. 


Effect of Propafenone on Left Ventricular Function* 
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Study III —42 patients were 
studied by radioventriculo- 
graphy in control and during 
propafenone therapy. For 
the group as a whole, prop- 
afenone did not affect LVEF 
(47% vs 45%, p= NS). 


Cueni, L; Podrid, PJ; 7rnl Electrophysiology 1:6, 548-560, 1987. 









Rythmol® exhibits both a beta blocking and a 
dose related negative inotropic effect. Patients 
with CHF should be fully compensated be- 
fore Rythmol therapy is initiated. 


Please see brief summary of prescribing information with this advertisement 
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Concomitant 
Use Experience 


With digitalis. Rythmol (propafenone HCl) produces dose 
related increases in serum digoxin levels. Patients on Rythmol 
plus digoxin therapy should have plasma levels measured. 
Digoxin dosage should ordinarily be reduced when Rythmol 
is started. 





With warfarin. In patients receiving Rythmol and warfarin 
concomitantly, warfarin mean steady-state plasma concentra- 
tions increased 39% with corresponding increase in prothrom- 
bin times of approximately 25%. It is therefore recommended 
that prothrombin times be routinely monitored, and the dose 
of warfarin be adjusted if necessary. 


With propranolol. Concomitant administration of Rythmol 

and propranolol has resulted in substantial increases in 

propranolol plasma concentration and elimination half-life = 
with no change in propafenone plasma levels from control 

values. While the therapeutic range for beta blockers is wide, 

a reduction in dosage may be necessary during concomitant 

administration with Rythmol. 


With calcium channel blockers. Concomitant therapy of 
Rythmol with diuretics and calcium channel blockers has 
been reported without evidence of clinically significant 
adverse reactions. 


With cimetidine. In normal patients concomitant administra- 
tion of Rythmol and cimetidine resulted in a 20% increase in 
steady-state plasma concentrations of Rythmol with no detect- 
able changes in electrocardiographic parameters beyond that 
measured on Rythmol alone. 
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INDICATIONS AND USAGE 
RYTHMOL (propafenone HCI) is indicated for the treatment of documented ventricular 
arrhythmias, such as sustained ventricular tachycardia, that in the judgement of the 
physician, are life threatening. Because of the proarrhythmic effects of RYTHMOL, its use 
should be reserved for patients in whom, in the opinion of the physician, the benefits of 
treatment outweigh the risks. The use of RYTHMOL is not recommended for use in patients 
with less severe ventricular arrhythmias, even if the patients are symptomatic. Use of 
RYTHMOL for the treatment of sustained ventricular tachycardia, like other antiarrhythmics, 
should be initiated in the hospital. 
CONTRAINDICATIONS 
RYTHMOL (propafenone HCI) is contraindicated in the presence of uncontrolled congestive 
heart failure, cardiogenic shock, sinoatrial, atrioventricular and intraventricular disorders of 
impulse generation and/or conduction (e.g., sick sinus node syndrome, atrioventricular 
block) in the absence of an artificial pacemaker, bradycardia, marked hypotension, bron- 
chospastic disorders, manifest electrolyte imbalance, and known hypersensitivity to the drug. 
WARNINGS: 
Mortality: In the National Heart Lung and Blood Institute's Cardiac Arrhythmia Suppression 
Trial (CAST), a longterm, multicenter, randomized, double blind study in patients with 
asymptomatic non life threatening ventricular ectopy who had a myocardial infarction more 
than six days but less than two years previously and demonstrated mild to moderate left 
ventricular dysfunction, an excessive mortality or nonfatal cardiac arrest rate was seen in 
patients treated with encainide or flecainide (56/730) compared with that seen in patients 
assigned to carefully matched placebo treated groups (22/725). The average duration of 
treatment with encainide or flecainide in this study was ten months.The applicability of these 
results to other populations (e.g., those without recent myocardial infarction and to other 
antiarrhythmic drugs) is uncertain, but at present it is prudent (1) to consider any IC agent 
(especially one documented to provoke new serious arrhythmias) to have a similar risk and 
(2) to consider the risks of Class IC agents, coupled with the lack of any evidence of 
improved survival, generally unacceptable in patients without life threatening ventricular 
arrhythmias, even if the patients are experiencing unpleasant, but not life threatening, 
symptoms or signs. 
Proarrhythmic Effects 
RYTHMOL, like other antiarrhythmic agents, may cause new or worsened arrhythmias. Such 
proarrhythmic effects range from an increase in frequency of PVCs to the development of 
more severe ventricular tachycardia, ventricular fibrillation or torsade de pointes; i.e., 
tachycardia that is more sustained or more rapid which may lead to fatal consequences. It is 
therefore essential that each patient given RYTHMOL be evaluated electrocardiographically 
and Clinically prior to, and during therapy to determine whether the response to RYTHMOL 
(propafenone HCI) supports continued treatment.Overall in clinical trials with propafenone, 
4.7% of all patients had new or worsened ventricular arrhythmia possibly representing a 
proarrhythmic event (0.7% was an increase in PVCs; 4.0% a worsening, or new appearance, 
of VT or VF). Of the patients who had a worsening of VT (4%), 92% had a history of VT 
and/or VT/VF, 71% had coronary artery disease, and 68% had a prior myocardial infarction. 
The incidence of proarrhythmia in patients with less serious or benign arrhythmias, which 
include patients with an increase in frequency of PVCs, was 1.6%. Although most 
proarrhythmic events occurred during the first week of therapy, late events also were seen 
and the CAST study (see above) suggests that an increased risk is present throughout 
treatment. 
Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema) 
PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD. IN GENERAL. NOT RECEIVE 
PROPAFENONE or other agents with beta adrenergic blocking activity. 
Congestive Heart Failure 
During treatment with oral propafenone in patients with depressed baseline function (mean 
EF=33.5%), no significant decreases in ejection fraction were seen. In clinical trial 
experience, new or worsened CHF has been reported in 3.7% of patients; of those 0.9% were 
considered probably or definitely related to RYTHMOL. Of the patients with congestive heart 
failure probably related to propafenone, 80% had preexisting heart failure and 85% had 
coronary artery disease. CHF attributable to RYTHMOL developed rarely (<0.2%) in patients 
who had no previous history of CHF. As RYTHMOL exerts both beta blockade and a (dose 
related) negative inotropic effect on cardiac muscle, patients with congestive heart failure 
should be fully compensated before receiving RYTHMOL. If congestive heart failure 
worsens, RYTHMOL should be discontinued (unless congestive heart failure is due to the 
cardiac arrhythmia) and, if indicated, restarted at a lower dosage only after adequate cardiac 
compensation has been established. 
Conduction Disturbances 
RYTHMOL slows atrioventricular conduction and also causes first degree AV block. Average 
PR interval prolongation and increases in QRS duration are closely correlated with dosage 
increases and concomitant increases in propafenone plasma concentrations. The incidence 
of first degree, second degree, and third degree AV block observed in 2,127 patients was 
2.5%, 0.6%, and 0.2%, respectively. Development of second or third degree AV block 
requires a reduction in dosage or discontinuation of RYTHMOL. Bundle branch block (1.2%) 
and intraventricular conduction delay (1.1%) have been reported in patients receiving 
propafenone. Bradycardia has also been reported (1.5%). Experience in patients with sick 
sinus node syndrome is limited and these patients should not be treated with propafenone. 
Effects on Pacemaker Threshold 
RYTHMOL may alter both pacing and sensing thresholds of artificial pacemakers. 
Pacemakers should be monitored and programmed accordingly during therapy. 
Hematologic Disturbances 
One case of agranulocytosis with fever and sepsis, probably related to use of propafenone, 
was seen in U.S. clinical trials. The agranulocytosis appeared after 8 weeks of therapy. 
Propafenone therapy was stopped and the white count had normalized by 14 days. The 
patient recovered. In the course of over 800,000 patient years of exposure during marketing 
outside the U.S. since 1978, seven additional cases have been reported. In one of these, 
concomitant captopril, a drug known to cause agranulocytosis, was used. Unexplained fever 
and/or decrease in white cell count, particularly during the first three months of therapy, 
warrant consideration of possible agranulocytosis/granulocytopenia. Patients should be 
instructed to promptly report the development of any signs of infection such as fever, sore 
throat, or chills. 
PRECAUTIONS 
Hepatic Dysfunction: 
Propafenone is highly metabolized by the liver and should, therefore, be administered 
cautiously to patients with impaired hepatic function. The dose of propafenone given to 
patients with impaired hepatic function should be significantly reduced. Careful monitoring 
for excessive pharmacological effects (see OVERDOSAGE) should be carried out. 
Renal Dysfunction: 
A considerable percentage of propafenone metabolites (18.5%-38% of the dose/48 hours) 
are excreted in the urine. Until further data are available, RYTHMOL should be administered 





cautiously to patients with impaired renal function. These patients should be carefully 
monitored for signs of overdosage (see OVERDOSAGE). 

Elevated ANA Titers: 

Positive ANA titers have been reported in patients receiving propafenone. Patients who 
develop an abnormal ANA test should be carefully evaluated and, if persistent or worsening 
elevation of ANA titers is detected, consideration should be given to discontinuing therapy. 
Impaired Spermatogenesis: 

Reversible disorders of spermatogenesis have been demonstrated in monkeys, dogs and 
rabbits after high dose intravenous administration. Evaluation of the effects of short term 
propafenone administration on spermatogenesis in 11 normal subjects suggests that 
propafenone produced a reversible, short term drop (within normal range) in sperm count. 
Subsequent evaluations in 11 patients receiving propafenone chronically have suggested no 
effect of propafenone on sperm count. 

Drug Interactions: Quinidine: Small doses of quinidine completely inhibit the hydroxylation 
metabolic pathway, making all patients, in effect, slow metabolizers. There is, as yet, too little 
information to recommend concomitant use of propafenone and quinidine. Local 
Anesthetics: Concomitant use of local anesthetics may increase the risks of central nervous 
system side effects. Digitalis: RYTHMOL produces dose related increases in serum digoxin 
levels ranging from about 35% at 450 mg/day to 85% at 900 mg/day propafenone without 
affecting digoxin renal clearance. Digoxin dosage should ordinarily be reduced when 
propafenone is started. Beta-Antagonists: Propafenone appears to inhibit the hydroxylation 
pathway for propranolol and metoprolol (just as quinidine inhibits propafenone metabolism). 
While the therapeutic range for beta-blockers is wide, a reduction in dosage may be 
necessary during concomitant administration with propafenone. Warfarin: In a study of 
eight healthy subjects receiving propafenone and warfarin concomitantly, mean steady-state 
warfarin plasma concentrations increased 39% with a corresponding increase in 
prothrombin times of approximately 25%. It is therefore recommended that prothrombin 
times be routinely monitored and the dose of warfarin be adjusted if necessary. Cimetidine: 
Concomitant administration of propafenone and cimetidine in 12 healthy subjects resulted in 
a 20% increase in steady-state plasma concentrations of propafenone with no detectable 
changes in electrocardiographic parameters beyond that measured on propafenone alone. 
Other: Limited experience with propafenone combined with calcium antagonists and 
diuretics has been reported without evidence of clinically significant adverse reactions. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Life time maximally tolerated oral 
dose studies in mice (up to 360 mg/kg/day) and rats (up to 270 mg/kg/day) provided no 
evidence of a carcinogenic potential for propafenone. RYTHMOL was not mutagenic when 
assayed for genotoxicity. Pregnancy Teratogenic Effects: Pregnancy Category C.: 
Propafenone has been shown to be embryotoxic in rabbits and rats when given in doses 10 
and 40 times, respectively, the maximum recommended human dose. No teratogenic 
potential was apparent in either species. There are no adequate and well controlled studies in 
pregnant women. Propafenone should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus. Pregnancy Nonteratogenic Effects: In a perinatal and 
postnatal study in rats, propafenone, at dose levels of 6 or more times the maximum 
recommended human dose, produced dose dependent increases in maternal and neonatal 
mortality, decreased maternal and pup body weight gain and reduced neonatal physiological 
development. Labor and Delivery: It is not known whether the use of propafenone during 
labor or delivery has immediate or delayed adverse effects on the fetus, or whether it 
prolongs the duration of labor or increases the need for forceps delivery or other obstetrical 
intervention. Nursing Mothers: It is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk and because of the potential for serious 
adverse reactions in nursing infants from RYTHMOL, a decision should be made whether to 
discontinue nursing or to discontinue the drug, taking into account the importance of the 
drug to the mother. 

Pediatric Use: The safety and efficacy of RYTHMOL in children has not been established. 
Geriatric Use: There do not appear to be any age-related differences in adverse reaction rates 
in the most commonly reported adverse reactions. Because of the possible increased risk of 
impaired hepatic or renal function in this age group, RYTHMOL should be used with caution. 
The effective dose may be lower in these patients. 

ADVERSE REACTIONS 

Adverse reactions associated with RYTHMOL (propafenone HCI) occur most frequently in the 
gastrointestinal, cardiovascular, and central nervous systems. About 20% of patients 
discontinued due to adverse reactions. 

Adverse reactions reported for >1% of 2,127 patients who received propafenone in U.S. 
Clinical trials are presented in the following list. Dizziness, Nausea and/or Vomiting, Unusual 
Taste, Constipation, Fatigue, Dyspnea, Proarrhythmia, Angina, Headache(s), Blurred Vision, 
CHF, Ventricular Tachycardia, Dyspepsia, Palpitations, Rash, First Degree AV Block, Diarrhea, 
Weakness, Dry Mouth, Syncope/Near Syncope, Increased QRS Duration, Chest Pain, 
Anorexia, Abdominal Pain/Cramps, Ataxia, Insomnia, Premature Ventricular Contraction(s), 
Bradycardia, Anxiety, Edema, Tremor(s), Diaphoresis, Bundle Branch Block, Drowsiness, 
Atrial Fibrillation, Flatulence, Hypotension, Intraventricular Conduction Delay, Joint(s) Pain. 

In addition, the following adverse reactions were reported less frequently than 1% either in 
Clinical trials or in marketing experience (adverse events for marketing experience are given 
in italics). Causality and relationship to propafenone therapy can not necessarily be judged 
from these events. Cardiovascular System: Atrial flutter, AV dissociation, cardiac arrest, 
flushing, hot flashes, sick sinus syndrome, sinus pause or arrest, supraventricular 
tachycardia. Nervous System: Abnormal dreams, abnormal speech, abnormal vision, apnea, 
coma, confusion, depression, memory loss, numbness, paresthesias, psychosis/mania, 
seizures (0.3%), tinnitus, unusual smell sensation, vertigo. Gastrointestinal: A number of 
patients with liver abnormalities associated with propafenone therapy have been reported in 
foreign postmarketing experience. Some appeared due to hepatocellular injury, some were 
cholestatic and some showed a mixed picture. Some of these reports were simply 
discovered through clinica! chemistries, others because of clinical symptoms. One case was 
rechallenged with a positive outcome. Cholestasis (0.1%), elevated liver enzymes (alkaline 
phosphatase, serum transaminases) (0.2%), gastroenteritis, hepatitis (0.03%) Hematologic: 
Agranulocytosis, anemia, bruising, granulocytopenia, increased bleeding time, leukopenia, 
purpura, thrombocytopenia. Other: Alopecia, eye irritation, hyponatremia/inappropriate ADH 
secretion, impotence, increased glucose, kidney failure, positive ANA (0.7%), /upus 
erythematosis, muscle cramps, muscle weakness, nephrotic syndrome, pain, pruritus. 
OVERDOSAGE 

The symptoms of overdosage, which are usually most severe within 3 hours of ingestion, 
may include hypotension, somnolence, bradycardia, intraatrial and intraventricular 
conduction disturbances, and rarely convulsions and high grade ventricular arrhythmias. 
Defibrillation as well as infusion of dopamine and isoproterenol have been effective in 
controlling rhythm and blood pressure. Convulsions have been alleviated with intravenous 
diazepam. General supportive measures such as mechanical respiratory assistance and 
external cardiac massage may be necessary. 
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Effective 
Antiarrhythmic ‘Therapy 
with a Unique 
Pharmacologic Profile 


Excellent V-Tach efficacy: Rythmol provided effective 
suppression of VT beats in patients with either sustained 
or non-sustained VT. 

Safety Profile: 3.6% discontinuance due to cardiac and 
1.9% or less discontinuance due to non-cardiac side effects 
at 450 mg/day (N = 1430). 

Beta Blocker Activity: equal to 1/40th of propranolol. 
Patients with bronchospastic disease should, in general, 
not receive propafenone. 

Available in 150 mg and 300 mg scored tablets. 








Recommended Dosage 


Begin therapy with Rythmol 150 mg 
t.i.d. (450 mg/day) 
Z Increase to 225 mg t.i.d. (incremental 


increases can be implemented after 
3 or 4 days) (675 mg/day) 


If necessary increase to 300 mg t.i.d. (Maximum 
recommended dose 900 mg per day) 
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Defective Myocardial Carnitine Metabolism in 
Congestive Heart Failure Secondary to Dilated 
Cardiomyopathy and to Coronary, Hypertensive 
and Valvular Heart Diseases 


Vera Regitz, MD, Austin Leo Shug, PhD, and Eckart Fleck, MD 





Reduced myocardial carnitine concentrations in the 
explanted heart and elevated plasma levels have 
been found in patients undergoing heart transplant 
for end-stage congestive heart failure (CHF). To 
evaluate a possible loss of myocardial carnitine in 
less severe stages of CHF, total myocardial carni- 
tine levels were compared in right ventricular endo- 
myocardial biopsies from 28 patients with mild, 
moderate and severe dilated cardiomyopathy, 8 pa- 
tients with CHF of different origin and 13 normal 
control subjects. If possible, free myocardial carni- 
tine and free and total plasma carnitine were also 
determined. For the first time, myocardial carnitine 
levels have been measured in endomyocardial biop- 
sies from 13 normal human hearts (control values: 
9.9 + 0.8 nmol/mg noncollagen protein). In com- 
parison with these control values, total myocardial 
carnitine was significantly reduced in patients with 
dilated cardiomyopathy (6.1 + 0.5 nmol/mg non- 
collagen protein, p <0.0001), and CHF of other ori- 
gins (6.6 + 1.1 nmol/mg noncollagen protein, p 
<0.02). Free myocardial carnitine concentrations in 
dilated cardiomyopathy (4.6 + 0.4 nmol/mg non- 
collagen protein) and CHF of different origin (4.4 + 
0.5 nmol/mg noncollagen protein) were also signifi- 
cantly different from control values (control values: 
9.7 + 0.7 nmol/mg noncollagen protein, p <0.0001 
and p <0.005 for both groups). The loss of free 
and total myocardial carnitine was comparable in 
dilated cardiomyopathy and CHF due to other dis- 
eases. In contrast, plasma free and total carnitine 
levels in the CHF patients were significantly elevat- 
ed (67 + 5.5 umol/liter, control values 41 + 3.7 
umol/liter, p <0.005). Alterations in myocardial 
carnitine metabolism represent nonspecific bio- 
chemical markers in CHF with yet unknown conse- 
quences for myocardial function. 

(Am J Cardiol 1990;65:755-760) 


From the German Heart Institute, Berlin, Clinic for Internal Medicine/ 
Cardiology, Berlin, Federal Republic of Germany, and the Metabolic 
and Lipid Research Laboratories, Veterans Administration Hospital 
and University of Wisconsin, Madison, Wisconsin. This study was sup- 
ported in part by the Deutsche Forschungsgemeinschaft, Bonn, Federal 
Republic of Germany (grant Re 662/1-1) and the Department of 
Veterans Affairs, Medical Research Service. Manuscript received Au- 
gust 7, 1989; revised manuscript received and accepted November 15, 
1989. 

Address for reprints: Vera Regitz, MD, Clinic for Internal Medi- 
cine/Cardiology, Augustenburger Platz 1, 1000 Berlin 65, Federal Re- 
public of Germany. 


cardial energy metabolism may be present in 

chronic congestive heart failure (CHF) and may 
contribute to the functional impairment in these pa- 
tients.'^ The major energy source of the heart is fatty 
acid oxidation. Myocardial fatty acid oxidation has 
been shown to be inhibited in patients with systemic 
carnitine deficiency.^ These patients present with low 
plasma and tissue carnitine levels, with the features of 
dilated cardiomyopathy and severe myocardial lipid ac- 
cumulation. Symptoms and signs can be reversed by 
carnitine supplementation." We have already de- 
scribed a significant loss of myocardial carnitine, ac- 
companied by an increase in plasma carnitine, in ex- 
planted hearts from patients with dilated cardio- 
myopathy or coronary artery disease.*-? However, inves- 
tigations in end-stage CHF cannot reveal in which stage 
of the disease the myocardial carnitine loss occurs. We 
now report measurements of tissue and plasma carnitine 
levels in patients with less severe impairment of left ven- 
tricular ejection fraction. 


Tq is increasing evidence that defects in myo- 


METHODS 

The study patients comprised 28 adults with dilated 
cardiomyopathy, 8 with CHF of other origins and 13 
control subjects without heart disease. After an over- 
night fast, all subjects underwent complete noninvasive 
and invasive diagnostic studies including right- and left- 
sided cardiac catheterization, determination of cardiac 
index by thermodilution technique, biplane right and 
left ventricular angiography, coronary angiography and 
right ventricular endomyocardial biopsy. The diagnosis 
of dilated cardiomyopathy was based on a left ventricu- 
lar ejection fraction of <55% after exclusion of primary 
coronary, valvular, hypertensive or pulmonary heart dis- 
ease and myocarditis (Table I). Of the 8 subjects whose 
CHF was attributed to causes other than dilated cardio- 
myopathy, 3 had predominantly coronary artery dis- 
ease, 3 had valvular and 2 had hypertensive heart dis- 
ease (Table I). The 13 control subjects were subjects in 
whom invasive diagnostic examination was undertaken 
for suspected coronary artery disease and in whom nor- 
mal coronary arteries together with a normal left ven- 
tricular ejection fraction (25596) without valvular, 
hypertensive or pulmonary heart disease were found 
(Table I). Myocardial biopsy was done to exclude myo- 
carditis. None of the patients had inflammatory heart 
disease. All patients were divided into 3 groups: CHF 
patients with severely reduced left ventricular ejection 
fraction (<30%), with moderately impaired ejection 
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TABLE I Study Patients 


Pt EDP (mm Hg) RVEF (%) LVEF (%) 
Heart failure due to dilated cardiomyopathy 
1 40 — 3l 
2 12 3l 35 
3 8 41 40 
4 30 16 12 
5 18 59 33 
6 25 28 16 
7 10 41 39 
8 9 49 33 
9 9 50 43 
10 12 45 44 
11 21 49 53 
12 24 43 37 
13 16 60 44 
14 23 27 19 
15 35 34 19 
16 4 50 33 
17 20 — 15 
18 12 20 20 
19 4 40 45 
20 22 53 43 
21 26 28 30 
22 20 54 30 
23 30 41 19 
24 35 15 12 
25 28 34 26 
26 6 41 41 
27 26 29 20 
28 13 44 34 
Mean + SE 19+2 39+2 31+2 
Heart failure of different origin 
1 8 — 50 
2 15 39 24 
3 20 47 31 
4 8 — 39 
5 14 59 28 
6 19 — 25 
7 18 66 26 
8 20 55 51 
Mean + SE 16 x2 52 1-5 3404 
Control subjects 
l 11 49 64 
2 17 54 67 
3 9 60 67 
4 24 62 59 
5 10 — 62 
6 10 — 67 
7 11 56 73 
8 20 — 63 
9 9 56 63 
10 7 60 69 
11 12 58 72 
12 6 — 57 
13 13 57 64 
Mean + SE 121 58+ 2 6541 
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EDVI (ml/qm) ESVI (ml /qm) CI (ml/qm X min) 
224 156 2.9 
212 136 4.5 
162 97 38 
300 262 48 
279 187 4.1 
257 216 2.9 
160 98 3.8 
156 105 3.8 
146 84 2.8 
156 88 2.3 
180 84 5.6 
167 105 4.6 
178 100 3.6 
328 266 2.1 
245 199 3.3 
141 95 2.9 
178 137 2.1 
351 200 2.1 
125 68 3.1 
153 87 3.4 
200 139 2.7 
157 110 3.1 
140 114 3.6 
242 212 3.3 
180 132 2.6 
131 77 3.9 
247 197 3.1 
194 128 3.7 
200 + 13 193 + 11 34102 
140 70 4.2 
219 167 3.9 
318 220 4.4 
158 97 2.2 
236 107 3.6 
179 134 3.1 
303 226 5.0 
131 64 6.0 
211 + 26 136 + 22 4304 
156 57 4.0 
111 37 2.8 
112 36 39 
126 52 5.6 
75 28 3.1 
129 42 2.3 
85 23 3.5 
109 41 5.1 
90 33 5.4 
83 25 3.6 
131 36 3.8 
160 69 4.8 
107 39 5.0 
11149 39 +3 4+0.3 


Cl = cardiac index (thermodilution technique); EDP = left ventricular end-diastolic pressure; EDVI = left ventricular end-diastolic volume index; ESVI = left ventricular end-systolic 





volume index; LVEF = left ventricular ejection fraction; RVEF = right ventricular ejection fraction; SE = standard error; — = not determined. 


fraction (30 to 55%) and normal control subjects (ejec- 
tion fraction >55%). 

Plasma and myocardial carnitine was measured us- 
ing a radioenzymatic standard assay and microassay, 
specially adapted for endomyocardial biopsy.!?!! Total 
carnitine was measured directly after alkaline hydroly- 
sis of plasma or tissue homogenate. Free carnitine was 
determined after acid extraction and neutralization of 
the sample.!! 
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Noncollagen protein was used as a reference system. 
Collagen protein was first extracted from the diluted 
tissue.'* Then a conventional protein determination was 
performed. !? 

Based on our previous studies, the intraassay coeffi- 
cients of variance for total and free carnitine are 4 and 
9%, respectively, and the recovery rate for externally 
added carnitine is 109 + 14%.!! The coefficient for vari- 
ance for determinations from several biopsy-sized sam- 


x 
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ples from the same heart is 13%, with a 95% confidence 
interval of 1.9 nmol carnitine/mg noncollagen protein. !! 

Total myocardial carnitine was measured in biopsies 
from all patients and control subjects. If possible (de- 
pending on sample size), free myocardial carnitine was 
determined in the same biopsies (22 patients and 11 
control subjects) and the ratio of free/total carnitine 
was calculated separately for every sample. In the last 
16 patients with dilated cardiomyopathy and 10 control 
subjects, fasting blood samples were obtained on the 
day of catheterization and total and free plasma carni- 
tine was measured. Hemodynamic parameters for the 
subgroup of these 16 cardiomyopathic patients (ejection 
fraction 31 + 2%, left ventricular end-diastolic pressure 
20 + 2 mm Hg, left ventricular end-systolic volume in- 
dex 133 + 11 ml/qm) did not differ from those for the 
entire group (Table I). 

Data are presented as mean + standard error. Two- 
tailed Student ¢ test was used to compare groups, and 
values of p «0.05 were considered significant. Regres- 
sion analysis was done between free myocardial carni- 
tine (x = independent variable) and left ventricular 
ejection fraction (y = dependent variable) using y = a 
t b/x as a fitting model. 


RESULTS 
Patients with CHF showed a significant myocardial 
carnitine loss (CHF 6.2 + 0.4, control values 9.9 + 0.8 
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nmol/mg noncollagen protein, p <0.0003). Myocardial 
carnitine loss in patients with left ventricular ejection 
fraction <30% was greater than in patients with left 
ventricular ejection fraction 30 to 55% (Figure 1A). 
Both groups, patients with CHF caused by dilated car- 
diomyopathy and patients with CHF of different origin, 
showed comparable loss of total myocardial carnitine 
(Figure 1B). 

Free myocardial carnitine in 22 patients with heart 
failure was significantly reduced compared to 11 nor- 
mal control subjects (CHF 4.6 + 0.3 nmol/mg noncol- 
lagen protein, control values 9.7 + 0.7 nmol/mg noncol- 
lagen protein, p <0.0001). Differences between patients 
with left ventricular ejection fraction <30% and 30 to 
55% were not significant (Figure 2A). Free myocardial 
carnitine did not differ between patients with CHF due 
to dilated cardiomyopathy or to coronary or valvular 
disease (Figure 2B). A nonlinear relation existed be- 
tween free myocardial carnitine and left ventricular 
ejection fraction (Figure 3). 

The ratio of myocardial free/total carnitine was 81 
+ 5% in the CHF group and 91 + 3% in the control 
group (difference not significant). 

Total plasma carnitine was significantly higher in 
CHF patients (67 + 6 umol/liter) than in control sub- 
jects (41 + 4 umol/liter, p <0.005). The increase in 
plasma carnitine was more distinct in patients with se- 
verely reduced left ventricular ejection fraction than in 
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FIGURE 1. A, myocardial total carnitine (CAR) content in patients with congestive heart failure (CHF) and left ventricular ejec- 
tion fraction (EF) <30% and 30 to 55% compared with normal control subjects (Con). Mean + standard error. B, myocardial to- 
tal carnitine content in patients with dilated cardiomyopathy (DCM) and congestive heart failure due to other diseases (Dis.), 


compared with Con. 
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patients with mildly reduced ejection fraction (Figure 
4). 
Free carnitine was 49 + 4 wmol/liter in CHF pa- 
tients and 33 + 3 umol/liter in control subjects (p 
<0.02). The ratio of free to total plasma carnitine in 
| heart failure (71 + 3%) was not significantly different 
i from that in control subjects (81 + 5%). 
The increase in plasma carnitine occurred indepen- 
| dently from an increase in serum creatinine. Elevated 
plasma carnitine (greater than mean + 1 standard devi- 
ation, or 52 uM) was found in 12 patients. Of these, 8 
presented with normal serum creatinine (<1.2 mg/dl), 
2 had creatinine levels between 1.3 and 2.0 mg/dl and 
only 2 had serum creatinine >2.0 mg/dl. There was no 
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significant correlation between plasma carnitine and se- 
rum creatinine (data not shown). 


DISCUSSION 

Carnitine, a low molecular weight amino acid deriv- 
ative, is essential for the oxidation of fatty acids, the 
preferred source of energy for the heart.>!4 In the 
present study we measured for the first time myocardial 
carnitine content in normal and diseased human hearts 
using endomyocardial biopsies. We found significantly 
reduced myocardial carnitine levels in patients with only 
mild or moderate heart failure. Because patients with 
heart failure due to dilated cardiomyopathy or to other 
cardiac diseases demonstrate a comparable reduction in 


p <.005 
(gu a oe ee ICE TL E 
p <.0001 


eer eh S3 


Other Dis 


n—4 





FIGURE 2. A, myocardial free carnitine (CAR) content in patients with congestive heart failure (HF) and left ventricular ejection 
fraction (EF) <30% and left ventricular EF 30 to 55% compared with normal control subjects (Co). Mean + standard error. B, 
myocardial free carnitine content in patients with dilated cardiomyopathy (DCM) and CHF due to other diseases, compared with 
Co. Other abbreviations as in Figure 1. 
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FIGURE 3. A nonlinear correlation be- 
tween free myocardial carnitine (CAR) 
content (FKM) and left ventricular ejection 
fraction (LVEF) was established by 
regression analysis. 
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myocardial carnitine and (in previous studies) increase 
in plasma carnitine, alterations in carnitine metabolism 
apparently represent metabolic changes occurring dur- 
ing the development of heart failure, regardless of its 
origin.5? 

Carnitine levels in this study were measured in endo- 
myocardial biopsies from the right ventricular septum. 
A similar loss of carnitine in the right and left ventricle 
in explanted hearts*? and the fact that good correlations 
exist between biochemical changes in the right ventricu- 
lar septum and functional parameters in the left ventri- 
cle indicate that the septum probably resembles in its 
biochemical properties the left ventricle.!5.!6 

The observed loss of carnitine must mainly affect the 
cytosol, as about 90% of cellular carnitine is stored in 
the cytosol and only about 10% in the mitochondria." 
Thus it cannot be attributed to a reduction in the vol- 
ume fraction of mitochondria. A relative increase in 
carnitine esters, some of which are supposed to be 
harmful to the heart, is not evident from our data.!? 
However, measuring such an increase will be difficult, 
because the suspected amount of esters in the tissue, 
about 10 to 30% of total carnitine, approaches the vari- 
ability of the carnitine determination in biopsies.! '.!" 

Several metabolic defects are known to reduce tissue 
carnitine levels. Primary systemic carnitine de^ciency is 
a rare inborn error of metabolism.!? Secondary carni- 
tine deficiency syndromes occur with defects in fatty 
acid oxidation and amino acid breakdown.???! Both pa- 
tients with primary or secondary carnitine deficiency 
differ from our study patients by low plasma carnitine 
levels. 

Under physiologic conditions, carnitine is synthe- 
sized in the liver and accumulated in the myocytes.!^ 
High myocardial levels are maintained by the action of 
a specific carnitine carrier and a relative impermeability 
of the cardiac membrane for carnitine.22-24 Defects in 
the carrier system (e.g., in diphtheria), as well as non- 
specific membrane damage (as it occurs in ischemia), 
may both lead to reduced myocardial and elevated plas- 
ma carnitine levels.?^26 Other possible mechanisms 
leading to an elevation of plasma carnitine (e.g., re- 
duced kidney function) are probably not important in 
our patients with normal or only moderately impaired 
renal function.’ 

In all control subjects myocardial total carnitine lev- 
els >7 nmol/mg noncollagen protein were found. In pa- 
tients with heart failure, there was a tendency to more 
severe reductions in total and free carnitine in the pa- 
tients with the most severe impairment of cardiac func- 
tion (Figure 3). This may be because impaired accumu- 
lation of myocardial carnitine reflects the severity of 
myocardial damage, or because the myocardial carni- 
tine loss contributes to the reduction of myocardial 
function. 

Based on experiences in human systemic carnitine 
deficiency and in several animal models, a positive ef- 
fect of carnitine supplementation might be suspected in 
patients with CHF.^2* However, because these pa- 
tients represent a heterogenous group, and because the 
accumulation of carnitine in the myocardium may be 
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FIGURE 4. Plasma carnitine (CAR) levels in patients with con- 
gestive heart failure and left ventricular ejection fraction (EF) 
<30% and 30 to 55%, compared with controls (Con). The 
share of free carnitine in plasma is shown by the striped 
areas. Mean + standard error. Other abbreviations as in 
Figure 1. 


disturbed in some of them, proper selection of patients, 
based on myocardial carnitine levels, is required for 
such studies. 
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VALVULAR HEART DISEASE 


Balloon Dilatation of the Stenosed Aortic Valve: 
How Does It Work? Why Does It Fail? 


Francis Robicsek, MD, Norris B. Harbold, Jr., MD, Lawrence N. Scotten, DiplT, 
and David K. Walker, PhD 


The hemodynamic changes that may occur in 
patients undergoing aortic balloon valvuloplasty 
were examined in the circulatory model. Four con- 
clusions were reached. (1) Significant transvalvular 
pressure gradients appear only if the orifice is se- 
verely narrowed. (2) The magnitude of this gradient 
is highly flow dependent. (3) At critical narrowings, 
minute alterations in orifice size may induce most 
significant changes in the transvalvular gradient. 
(4) In low flow states significant gradients appear 
only if the stenosis is extreme. In patients with aor- 
tic stenosis, especially those with failing hearts and 
low cardiac output, the pressure gradient may be 
effectively decreased by minimal dilatation of the 
aortic orifice. These patients, however, remain in 
jeopardy because recurrent narrowing may cause a 
gradient incompatible with life. 

(Am J Cardiol 1990;65:761-766) 
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orlin' wrote, “What precisely the obstructive 
(355 contributes to the clinical picture may be 

hard to assess except in anatomical terms." 
Since percutaneous balloon dilatation was introduced 
for the treatment of patients with aortic valvular steno- 
sis in 1986, this technique has gained considerable pop- 
ularity both in the United States and abroad. The 
mechanism how this procedure may work, however, is 
still poorly understood and the prognosis of patients in 
whom this method has been applied remains in doubt. 
The debate surrounding the clinical merits of aortic bal- 
loon valvuloplasty is centered around 2 seemingly con- 
tradictory findings. (1) As we have previously demon- 
strated, the procedure fails to alter significantly the 
anatomy of the stenosed and calcified aortic valve (Fig- 
ure 1).°* (2) Despite these very modest anatomic 
changes, several investigators report significant decrease 
in the transvalvular aortic pressure gradient and appre- 
ciable clinical improvement in patients in whom this 
method has been applied.^^ This controversy has been 
examined in several in vitro hydrodynamic experiments. 


METHODS 

Our observations were made using the Vivitro Mod- 
el Left Heart System (Vivitro Systems, Inc.) modified 
for the present experiments (Figure 2). In this model, a 
31-mm pericardial trileaflet xenograft (Symbion, Inc.) 
represented the aortic and a 29-mm pericardial trileaf- 
let xenograft the mitral valve. Output from a waveform 
generator to a pumping element provided left ventricu- 
lar action. The generator was programmed in a way to 
produce variable fluid flows. Twenty central-orifice 
plates varying from 0.1 to 2.5 cm? were used individual- 
ly to create aortic stenoses of various severity. The net 
ventricular flow rate was set to provide a systole/dias- 
tole ratio of 0.54. Intervals during the cycle were de- 
fined as shown in Figure 3. 

Flow rates were calculated either as mean during 
forward flow or as root mean square value (RMS) dur- 
ing forward flow. All tests were made at a heart rate of 
70 beats/min. The test fluid was physiologic saline in 
most, and a mixture of glycerol and saline with a viscos- 
ity of 3.55 mPas in some experiments. The end-diastolic 
aortic pressure was set to 80 mm Hg in all experiments. 
This resulted in a mean aortic pressure of approximate- 
ly 100 mm Hg. Mean transvalvular pressures were com- 
puted over the interval bounded by zero transvalvular 
pressures. 

A calculated orifice area similar to the clinical Gor- 
lin formula showed close correlation to the geometrical- 
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ly measured size of the aortic orifices used. The cardiac 
output was computed in liters/min as forward minus 
regurgitant aortic flow. Data were averaged over 10 cy- 
cle periods. Signals were recorded through an analog to 
digital converter into a disc using a Digital Equipment 
Corp. computer system. Ten cycles of each waveform 
were stored using 256 points/cycle. Custom software 


was used to allow efficient and accurate control of the 
acquisition, analysis, display and management data. 

In the first series of experiments using normal saline 
solution as test fluid, aortic pressure gradients were 
measured for the 16 largest orifices with a cardiac out- 
put of 5.1 liters/min and for the 4 smallest orifices with 
a cardiac output of 1.3 liters/min. With these results in 
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FIGURE 2. The circu- 
latory model applied in 
our experiments. 
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hand, a second series of experiments was done using sa- 
line solution with 5 different cardiac outputs ranging 
from 1.3 to 4.1 liters/min, with 5 orifices chosen for 
each output so that transaortic valve pressure gradient 
measurement ranged between 20 and 335 mm Hg. A 
limited number of experiments were performed using a 
mixture of glycerol and saline instead of normal saline 
solution as test fluid. 


RESULTS 

The results of our observations are shown in Figures 
4 to 7. From these, 4 conclusions are valid. (1) Signifi- 
cant transvalvular pressure gradients appear only at se- 
verely narrowed orifices and the magnitude of the pres- 
sure gradient is highly flow-dependent (Figures 4 and 
5). (2) At critical narrowings the orifice size needs to be 
increased only minimally to achieve a most significant 
decrease in transvalvular gradient and to decrease the 


FIGURE 3. Flow rate 
intervals during a 
cycle. 


FIGURE 4. Correlation between trans- 
valvular pressure gradient, flow and 
orifice size I. 
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cardiac workload (Figure 6). (3) In low flow states sig- 
nificant gradients appear only if the stenosis is very se- 
vere and minimal increase or decrease in orifice size 
may lead to dramatic changes both in transvalvular 
pressure gradient and in cardiac work (Figure 7). (4) 
The outcome of the experiments varied only minimally 
whether they were performed with blood analog test flu- 
id or with physiologic saline solution. | 


DISCUSSION 

Although we describe results obtained for the mea- 
surement of pressure across simulated aortic stenosis in 
vitro, we believe that the clinical implications that may 
be inferred are significant and multifold. 

First, our study objectively documents the fact that 
significant aortic transvalvular gradients appear only at 
critical stenoses and that their gradient for a given car- - 
diac output may be well alleviated even by a minimal 
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Ü increase in the aortic orifice. Patients with low cardiac 
l outputs are especially sensitive to this process. This rec- 
t onciles the controversy as to why aortic balloon valvulo- 
plasty in some cases may induce dramatic and immedi- 
ate decreases in the transvalvular pressure gradient de- 
spite very modest increases in orifice size. 
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Also, in some patients even a moderate decrease in 
cardiac output can cause a significant decrease of trans- 
valvular pressure gradients. Therefore, it appears to be 
mandatory that during balloon valvuloplasty as well as — —« 
in the late evaluation both pressures and blood flow 
should be simultaneously monitored. These observations 


FIGURE 5. Correlation between trans- LN 
valvular pressure gradient, flow and 
orifice size Il. 
FIGURE 6. Decrease in orifice size neces- 
sary to increase the transvalvular pressure 
gradient from 30 to 150 mm Hg. 
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also make obsolete the stance? that the severity of aortic 
stenosis may be graded by the transvalvular gradient 
alone. 

Patients with critical aortic stenoses, whose trans- 
valvular aortic pressure gradient has been alleviated by 
moderately increasing the aortic orifice with valvulo- 
plasty, may experience sudden return of the gradient if 
the cardiac output increases on exercise? or due to im- 
proved ventricular function.? 

. Clinical data show that an overwhelming majority of 
atients who undergo balloon dilatation for aortic steno- 
Ms will end up with an orifice area of about 0.8 cm? !0- 
‘which clinically is still specified as "severely stenotic." 
About 25% of these patients experience periprocedural 
major complications including death, and an equal 
number have to undergo valve replacement within a 
year. At | year the actuarial mortality rates have been 
reported as between 24 and 60%, similar to patients 
with aortic stenosis of similar degree who were man- 
aged medically.!?!6 The dangers that a patient faces 
living with such a marginal valve have already been not- 
ed by Rahimtoola and others!7:!8 in connection with un- 
dersized («1.5 cm?) prosthetic valves. Interestingly 
enough, «2 years after aortic balloon valvuloplasty was 
introduced the same investigators were more than will- 
ing to accept aortic valves with «0.7 cm? orifices in 
their patients after balloon valvuloplasty.!? 






pa 
^ 

BH 
y 





* 





= — m " - ee TF qw ee TU ` pAr ws" `, DIR AR TT S b. 
MUT DI ! ] ET ew | TA TT LE Pe ^ X PE UE T LORS > i » i'm ) 4" 
: S wis oe p^ CUOTSUSNI TN MOST UR Pe AR IET rox ^y DIS à; 

1 f - ‘ EN ¢— Jh Neon Y — TO " ` | d | F, 


ey 















Flow Rate (L/min) 
e 13 

2.2 

3.2 

4.1 

5.1 














A 
a 
* 
o 


CARDIAC WORK (JOULES) 


Our studies also give a poor prognosis for patients 
who are left with <1.0 cm? aortic orifices afer balloon 
dilatation.”? Early failure can readily be forecasted just 
by looking at these severely calcified structures on 
which only tiny cracks and splits are made by inflated 
balloons.? Probably the most important implication of 
our experiments is that especially in patients with low 
cardiac outputs, recurrent narrowing may easily cause a 
gradient incompatible with life. 
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The above illustration is a scientifically correct 
rendering of the DNA containing the gene that 


Ug The only available thrombolytic 
agent equivalent to human 
tissue plasminogen activator 


No pattern of serious or life-threatening allergic reactions has been reported in over 125,000 
patients treated 


Because Activase® is a recombinant natural protein, it does not react with antistreptococcal 
antibodies, thereby reducing the concern regarding therapeutic failures 


No reported episodes of infusion-related hypotension requiring emergency intervention 





Bleeding is the most common complication of thrombolytic therapy, with intracranial bleeding being 
the most serious. Activase* is contraindicated in patients with: active internal bleeding, history of 
cerebrovascular accident, recent (within two months) intracranial or intraspinal surgery or trauma, 
intracranial neoplasm, arteriovenous malformation, or aneurysm, known bleeding diathesis, severe 
uncontrolled hypertension. (See WARNINGS section of brief summary of prescribing information.) 


ACTIVASE 


Please see brief summary of Al [EPL ASE RECOMBINANT 


prescribing information on facing page. 
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Brief Summary 
Consult full prescribing information before using. 


INDICATIONS AND USAGE: ACTIVASE* is indicated for use in the management of acute myocardial 
infarction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 
size, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
tive heart failure and the reduction of mortality associated with AMI. Treatment should be initiated as 
soon as possible after the onset of AMI symptoms. 

CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE* 
is contraindicated in the following situations: * Active internal bleeding * History of cerebrovascu- 
lar accident + Recent (within two months) intracranial or intraspinal surgery or trauma (see 
WARNINGS) Intracranial neoplasm, arteriovenous malformation, or aneurysm * Known bleeding 
diathesis + Severe uncontrolled hypertension. 

WARNINGS: Bleeding The most common complication encountered during ACTIVASE* therapy is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e. g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

Concomitant use of heparin anticoagulation may contribute to bleeding. Some hemorrhagic episodes 
occurred one or more days after the effects of ACTIVASE* had dissipated, but while heparin therapy 
was continuing. 

As fibrin is lysed during ACTIVASE* therapy, bleeding from recent puncture sites may occur. 
Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including sites 
of catheter insertion, arterial and venous puncture, cutdown and needle puncture). 

Intramuscular injections and nonessential handling of the patient should be avoided during treatment 
with ACTIVASE* Venipunctures should be performed carefully and only as required. 

Should an arterial puncture be necessary during an infusion of ACTIVASE* it is preferable to use an 
upper extremity vessel accessible to manual compression. Pressure should be applied for at least 30 
minutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 

. Should serious bleeding (not controllable by local pressure) occur, the infusion of ACTIVASE® and 
any concomitant heparin should be terminated immediately. 

Each patient being considered for therapy with ACTIVASE* should be carefully evaluated and antici- 
pated benefits weighed against potential risks associated with therapy. 

In the following conditions, the risks of ACTIVASE* therapy may be increased and should be weighed 
against the anticipated benefits: + Recent (within 10 days) major surgery, obstetrical delivery, organ 
biopsy, previous puncture of noncompressible vessels + Cerebrovascular disease + Recent (within 10 
days) gastrointestinal or genitourinary bleeding + Recent (within 10 days) trauma * Hypertension: 
systolic BP=180 mm Hg and/or diastolic BP= 110 mm Hg * High likelihood of left heart thrombus, e.g., 
mitral stenosis with atrial fibrillation * Acute pericarditis « Subacute bacterial endocarditis e Hemostatic 
defects including those secondary to severe hepatic or renal disease » Significant liver dysfunction « 
Pregnancy * Diabetic hemorrhagic retinopathy, or other hemorrhagic ophthalmic conditions + Septic 
thrombophlebitis or occluded AV cannula at seriously infected site + Advanced age, i.e., over 75 years 
old + Patients currently receiving oral anticoagulants + Any other condition in which bleeding constitutes 
a significant hazard or would be particularly difficult to manage because of its location. 

Arrhythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
arrhythmias are not different from those often seen in the ordinary course of AMI and may be managed 
with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when infusions of ACTIVASE® are administered. 
PRECAUTIONS: General Standard management of MI should be implemented concomitantly with 
ACTIVASE® treatment. Noncompressible arterial puncture must be avoided. Arterial and venous punc- 
tures should be minimized. In the event of serious bleeding, ACTIVASE® and heparin should be 
discontinued immediately. Heparin effects can be reversed by protamine. 

Readministration There is no experience with readministration of ACTIVASE* If anaphylactoid reaction 
occurs, infusion should be discontinued immediately and appropriate therapy initiated. 

Although sustained antibody formation in patients receiving one dose of ACTIVASE* has not been 
documented, readministration should be undertaken with caution. 

Laboratory Tests During ACTIVASE® therapy, results of coagulation tests and/or measures of fibrino- 
lytic activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 
ACTIVASE® is an enzyme that when present in blood in pharmacologic concentrations remains active 
under in vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 
analysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL) can to some 
extent mitigate this phenomenon. 

Drug Interactions The interaction of ACTIVASE with other cardioactive drugs has not been studied. In 
addition to bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function 
may increase the risk of bleeding if administered prior to, during or after ACTIVASE® therapy. 

Use of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
ACTIVASE® to reduce the risk of rethrombosis. Because either heparin or ACTIVASE® alone may cause 
bleeding complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 
Pregnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE® It is 
also not known whether ACTIVASE* can cause fetal harm when administered to a pregnant woman 
or can affect reproduction capacity. ACTIVASE* should be given to a pregnant woman only if 
clearly needed. 

Pediatric Use Safety and effectiveness of ACTIVASE* in children has not been established. 
Carcinogenesis, Mutagenesis, Impairment of Fertility Long-term studies in animals have not been 
performed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 
evaluated tumorigenicity of ACTIVASE* and effect on tumor metastases in rodents, were negative. 

Studies to determine mutagenicity (Ames test) and chromosomal aberration assays in human 
lymphocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 
in mitotic index, was evidenced only after prolonged exposure and only at the highest concentra- 
tions tested. 

Nursing Mothers It is not known whether ACTIVASE® is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when ACTIVASE* is administered to a 
nursing woman. - 
ADVERSE REACTIONS: Bleeding The most frequent adverse reaction associated with ACTIVASE® is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: « Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

The following incidence of significant internal bleeding (estimated as>250 cc blood loss) has been 
reported in studies in over 800 patients treated at all doses: 


Total Dose = 100 mg Total Dose > 100 mg 





gastrointestinal 5% 5% 
genitourinary 4% 4% 
ecchymosis 1% <1% 
retroperitoneal <1% <1% 
epistaxis <1% <1% 
gingival <1% <1% 
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Theincidence of intracranial bleeding in patients treated with ACTIVASE* Alteplase, recombinant, is as follows: 3 
Dose Number of Patients h iq 
100 mg 3272 0:4. 
150 mg 1779 13.9 
1-14 mg/kg 237 04 


These data indicate that a dose of 150 mg of ACTIVASE® should not be used because it has been | 
associated with an increase in intracranial bleeding. e 
Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo controlled — 
trialst? is not signficantly different in the ACTIVASE* treated patients compared to those treated with i 
placebo (37/3161, 1.2% versus 27/3092, 0.9%, respectively) (p = 0.26). | 
Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitoneal, pericar- 
dial) occur, ACTIVASE® therapy should be discontinued immediately, along with any concomitant 
therapy with heparin. ae 
Fibrin, which is part of the hemostatic plug formed at needle puncture sites, will be lysed durin 
ACTIVASE* therapy. Therefore, ACTIVASE* therapy requires careful attention to potential bleeding sites. 
Allergic Reactions No serious or life-threatening allergic reactions have been reported. Other mild - 
hypersensitivity reactions such as urticaria have been observed occasionally. es 
Other Adverse Reactions Other adverse reactions have been reported, principally nausea and/or 
vomiting, hypotension, and fever. These reactions are frequent sequelae of MI and may or may not be 
attributable to ACTIVASE* therapy. 


DOSAGE AND ADMINISTRATION: Administer ACTIVASE* as soon as possible after the onset 
of symptoms. E 
ACTIVASE® is for intravenous administration only. ie 
The recommended dose is 100 mg administered as 60 mg (34.8 million IU) in the first hour (of which 
6 to 10 mg is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million IU) over the second — 
hour, and 20 mg (11.6 million IU) over the third hour. For smaller patients (less than 65 kg), a dose of — 
125 mg/kg administered over 3 hours, as described above, may be used.8 LEN 


A DOSE OF 150 MG OF ACTIVASE* SHOULD NOT BE USED BECAUSE IT HAS BEEN ASSOCIATED © 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. e 
Although the use of anticoagulants and antiplatelet drugs during and following administration of — 
ACTIVASE® has not been shown to be of unequivocal benefit, heparin has been administered concomi- - 
tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamole have been given — 
either during and/or following heparin treatment. Jn 
Reconstitution and Dilution DO NOT USE IF VACUUM IS NOT PRESENT. b 
ACTIVASE® should be reconstituted by aseptically adding the appropriate volume of the accompany- - 
ing Sterile Water for Injection, USP to the vial. It is important that ACTIVASE" be reconstituted only with — 
Sterile Water for Injection, USP without preservatives. Do not use Bacteriostatic Water for Injection, - 
USP The reconstituted preparation results in a colorless to pale yellow transparent solution containing 1 
nip i 10 mg/mL at approximately pH 73. The osmolality of this solution is approximately 
15 mOsm/kg. 

Because ACTIVASE® contains no antibacterial preservatives, it should be reconstituted immediately - 
before use. The solution may be used for intravenous administration within 8 hours following reconsti- — 
tution when stored between 2-30°C. Before further dilution or administration, the product should be 
visually inspected for particulate matter and discoloration prior to administration whenever solution and 
container permit. 

ACTIVASE* is stable for up to 8 hours in these solutions at room temperature. Exposure to light has — 
no effect on the stability of these solutions. Excessive agitation during dilution should be avoided; 
mixing should be accomplished with gentle swirling and/or slow inversion. Do not use other infusion 
solutions, e.g., Sterile Water for Injection, USP or preservative-containing solutions for further dilution. — 

No other medication should be added to infusion solutions containing ACTIVASE* Any unused 
infusion solution should be discarded. i 
HOW SUPPLIED: ACTIVASE® is supplied as a sterile, lyophilized powder in 20 mg and 50 mg vials 
containing vacuum, each packaged with diluent for reconstitution. 

Storage Store lyophilized ACTIVASE® at controlled room temperature not to exceed 30°C (86°F), or 
under refrigeration (2-8°C/36-46°F). Protect the lyophilized material during extended storage from — 
excessive exposure to light. 

Do not use beyond the expiration date stamped on the vial. 

ACTIVASE® Alteplase, recombinant 
Manufactured by 

GENENTECH® INC. 

460 Point San Bruno Blvd. 

South San Francisco, CA 94080 
April, 1989 
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CARDIOMYOPATHY 





Comparison of Proximal Left Anterior 
Descending and Circumflex Coronary Artery 
Dimensions in Aortic Valve Stenosis and 
Hypertrophic Cardiomyopathy 


Brian P. Kimball, MD, Victor LiPreti, BSc, Sanh Bui, BSc, and E. Douglas Wigle, MD 


To examine the *adequacy" of basal coronary flow 


in ventricular hypertrophy, the relation between 
proximal coronary artery dimensions and regional 
ventricular mass in aortic valve stenosis (AS) and 
hypertrophic cardiomyopathy (HC) was evaluated. 
Coronary artery size was determined by quantita- 
tive coronary arteriography while global/regional 
ventricular mass was calculated using computer- 
processed biplane 2-dimensional echocardiogra- 
phy. In comparison to 18 “normal” subjects, left 
anterior descending coronary dimensions were sig- 
nificantly larger in those with hypertrophy (normal 
3.32 + 0.54, AS 3.82 + 0.71, HC 4.72 + 0.81 
mm, p <0.05), with progressive increases in left 
anterior descending/circumflex coronary diameter 
ratios (normal 1.04 + 0.14, AS 1.18 + 0.19, HC 
1.25 + 0.31, p <0.01). Compared to the AS group, 
indexed anteroseptal mass was greater in the HC 
subjects (AS 40.9 + 8.9 vs HC 72.1 + 21 g/m, 
p «0.001). Both septal width/left anterior descend- 
ing coronary diameter ratios (AS 3.61 + 1.06 vs 
HC 4.85 + 1.17 mm/mm, p <0.05) and indexed 
anteroseptal mass/left anterior descending coro- 
nary diameter ratios (AS 11.2 + 3.0 vs HC 15.6 + 
3.4 g/m?/mm, p <0.01) were greater in HC sub- 
jects. Increased coronary dimensions were ob- 
served in both AS and HC, with the greatest 
changes noted within the left anterior descending 
distribution in HC, but when analyzed with respect 
to regional ventricular mass, these subjects demon- 
strated relative “inadequate” enlargement in coro- 
nary artery diameters. Underdeveloped epicardial 
coronary arteries may contribute to anteroseptal 
myocardial ischemia, with resultant angina pecto- 
ris, increased ventricular ectopic activity and 
sudden death in HC. 

(Am J Cardiol 1990;65:767-771) 
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pathic condition characterized by increased left 

ventricular mass, preferentially affecting the 
ventricular septum, and often resulting in outflow tract 
obstruction.! Similar to aortic valve stenosis (AS), myo- 
cardial hypoperfusion (angina pectoris) is relatively 
common in HC,’ and may be related to a number of 
anatomic or physiologic variables. These include unsus- 
pected coronary atherosclerosis, myocardial bridging, 
septal perforator compression,’ coronary vasospasm 
and "small vessel disease."^6 In addition, primary re- 
duction in coronary flow reserve secondary to inordinate 
increases in baseline flow requirements or inadequate 
intramural capillary hyperplasia may also contribute to 
ischemia.’ In ventricular hypertrophy secondary to 
chronic systemic hypertension or aortic valve disease, 
increased coronary diameters are well-documented,*-! ! 
yet no direct in vivo studies are reported in AS and HC. 
The purpose of this study was to compare changes in 
coronary dimensions in these 2 distinct diseases. Quanti- 
tative coronary arteriography was used to evaluate coro- 
nary artery diameters, with regional ventricular mass 
calculated using biplane 2-dimensional echocardiogra- 


phy. 


METHODS 

Subject population: Three experimental groups were 
studied. Group 1 (normal) consisted of 18 individuals 
with "atypical chest pain," equivocal/negative exercise 
studies and normal coronary arteriography. Group 2 
(AS) were subjects with significant aortic valve stenosis 
(Gorlin’s formula, valve area «1.0 cm?), without ven- 
tricular decompensation (congestive heart failure), 
while group 3 (HC) consisted of patients with symp- 
tomatic HC undergoing hemodynamic and angiograph- 
ic assessment for diagnostic purposes. Normal subjects 
uniformly described atypical chest discomfort, with 
variably “abnormal” standard exercise tests. All individ- 
uals with hypertrophy manifested typical angina pecto- 
ris, suggestive of myocardial ischemia. For group 1 
(normal subjects) the average age was 52 years (range 
39 to 70 years), for group 2 (AS) the average was 66 
years (range 43 to 82 years) and for group 3 (HC) the 
average was 45 years (range 18 to 74 years), with no 
differences in body surface area according to standard 
calculations (1.82 to 1.84 m°). 

Cardiac catheterization/angiography: Catheteriza- 
tion was performed in a postabsorptive state, with all 
antianginal (vasoactive) medications discontinued for 


| J etic con cardiomyopathy (HC) is an idio- 


THE AMERICAN JOURNAL OF CARDIOLOGY MARCH 15,1990 767 


2 pe, 








24 hours. Routine premedication consisted of oral diaz- 
epam (10 mg), with avoidance of nitroglycerin (>2 
hours). All subjects underwent standard left ventricular 
angiography (45 ml), using nonionic contrast media (io- 
hexol-350 mg iodine/ml), with subsequent multiangu- 
lated coronary arteriography, as clinically indicated. In 
addition to routine angiography, individuals with AS or 
HC were subjected to right-sided cardiac catheteriza- 
tion and thermodilution cardiac output. Left ventricular 
outflow tract gradients (AS/HC) were measured using 
simultaneous fluid-filled catheters via a transseptal or 
dual retrograde technique. HC subjects were classified 
into nonobstructive, latent (provocable) or obstructive, 
depending on initial gradient and response to pharmaco- 
logic stimuli (amyl nitrate, isoproterenol or 6-adreno- 
ceptor antagonists, disopyramide). 

Quantitative coronary arteriography: The left main- 
stem vessel and origins of both the left anterior descend- 
ing and left circumflex coronary arteries were imaged in 
orthogonal planes, with simultaneous parallel acquisi- 
tion to a digital imaging system (Digitron III-VAC, 
Siemens) and cineangiographic film. The relevant arte- 
rial segments were centered within a 5-inch image in- 
tensifier field of view (Optilux 27-HD, Siemens) to 
minimize pincushion distortion, while avoiding overlap- 
ping branch vessels. A manual injection system was 
used to obtain optimal opacification, with each frame 
incorporating the angiographic catheter. The entire im- 
age series was digitally acquired (30 frames/s) onto a 
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FIGURE 1. Quantitative coronary arteriography using the 
semiautomated analysis program (Digitron Ill-VAC, Siemens). 


768 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


512 X 512 matrix with an 8 bit (256) gray scale. A 
single radiographic frame was selected and subtracted 
from a blurred mask (8 frames) to eliminate back- 
ground density. An operator-interactive program was 
used to isolate the proximal centimeter of the left ante- 
rior descending and left circumflex coronary arteries, 
and using an automatic edge detection program, we 
identified vessel edges. Absolute coronary diameters 
were calculated by the performance of an identical 
quantitative program on the angiographic catheter of 
known dimensions (Cordis 8Fr, 2.67 mm).!?.? Interpo- 
lated coronary dimensions were determined by transfer- 
ring the data to a separate image processing computer 
(Kontron Cardio-200), which allowed calculation of 
true diameters throughout the 1 cm length. The digital 
imaging program is shown in Figure 1. 
Echocardiography: Subjects with ventricular hyper- 
trophy (AS, HC) underwent precatheterization echo- 
cardiography with Doppler ultrasound examination. 
The apical 4-chamber and short axis cross-sectional 
views were obtained in a standard fashion, using a 3.5- 
MHz transducer (Hewlett-Packard or Advanced Tech- 
nical Laboratories). Complete image series were record- 
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FIGURE 2. Echocardiographic determination of global and re- 
gional left ventricular mass. Anatomic landmarks are used to 
subdivide the left ventricle (LV) into anteroseptal (ANT) and 
posterolateral (POST LAT) regions, for evaluation of myocar- 
dial territories supplied by specific coronary arteries. INF — 
inferior; LA = left atrium; RA = right atrium; RV = right 
ventricle. 
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ed on a high fidelity 8-track videotape and represen- 
tative diastolic frames transferred to a video copy pro- 
cessor (Mitsubishi) to allow manual definition of endo- 
cardial and epicardial borders. An image processing 
computer with magnetic graphics tablet (Kontron Car- 
dio-200) enabled calculation of biplane left ventricular 
and regional cardiac mass, using a modified Simpson's 
rule (assumed density, 1.05 g/cm?).!^ The procedure is 
outlined in Figure 2. In the apical 4-chamber view, the 
anteroseptal segment was identified from the left ven- 
tricular apex to the septal region immediately below the 
aortic valve, with the posterolateral wall defined from 
the apical to the high lateral segment below the mitral 
valve plane. In the cross-sectional short-axis view, the 
anteroseptal region was represented by an area between 
the inferior right ventricular insertion point, subtending 
a 180? arc to the free left ventricular wall. The postero- 
lateral segment began at this same point on the ventric- 
ular free wall, and included myocardial regions within a 
90° arc. The anteroseptal region was considered to be 
supplied by the left anterior descending coronary artery, 
with the posterolateral region within the left circumflex 
coronary distribution. Values were normalized (in- 
dexed) to estimated body surface area, based on gender 
specific standard tables. 

Statistics: Group mean and standard deviations are 
presented, with all measurements, including hemody- 
namics, coronary dimensions and echocardiographic de- 
rived ventricular mass, compared by parametric statis- 
tics (2-tailed ¢ test). The “null hypothesis” (groups 
equivalent) was rejected if p <0.05. 


RESULTS 

Clinical/hemodynamics: Cardiac catheterization/ 
angiography was well tolerated, with no adverse effects 
or complications observed. Each participant remained in 
sinus rhythm, with baseline heart rate (normal 74 + 13, 
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FIGURE 3. Proximal left anterior descending (LAD) coronary 
dimensions, in normal, aortic valve stenosis (AS) and hyper- 
trophic cardiomyopathy (HCM) subjects (individual data and 
group averages). 


AS 84 + 20, HC 82 + 19 beats/min, difference not 
significant) and mean arterial pressures (normal 94 + 
10, AS 92 + 16, HC 88 + 14 mm Hg, difference not 
significant) equal between groups. In comparison to 
normal subjects, left ventricular end-diastolic pressures 
were markedly elevated in both the AS and HC sub- 
jects (normal 8.2 + 4.0 vs AS 20.3 + 9.4, HC 18.4 + 
2.0 mm Hg, both p «0.05). Table I lists calculated he- 
modynamic parameters related to left ventricular out- 
flow tract obstruction in subjects with AS and HC. 


LAD/CXA Ratio (mm/mm) 
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FIGURE 4. Proximal left anterior descending/circumflex 
coronary artery dimension ratios (LAD/CXA Ratio), in normal, 
aortic valve stenosis (AS) and hypertrophic cardiomyopathy 
(HCM) subjects (individual data and group averages). 
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FIGURE 5. Indexed anteroseptal left ventricular (LV) mass, in 
aortic valve stenosis (AS) and hypertrophic cardiomyopathy 
(HCM) subjects (individual data and group averages). 
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TABLE I Hemodynamics: Aortic Valve Stenosis and Hypertrophic Cardiomyopathy 


Valve 
Flow 
(ml/s) 


217+71 


Cardiac 
Index 
(liters /min / m?) 


Aortic valve 2.49 + 0.67 
stenosis 
Hypertrophic 


cardiomyopathy 


2.72 X 0.53 24] +49 


Values are mean x standard deviation. 
* Includes 4 "nonobstructive" subjects. 
LV = left ventricular. 


Comparing AS and HC subjects, no differences were 
observed in cardiac index (AS 2.49 + 0.67 vs HC 2.70 
+ 0.53 liters/min/m?, difference not significant) or 
mean left ventricular outflow velocity (AS 217 + 71 vs 
HC 241 + 49 ml/s, difference not significant). Signifi- 
cant differences were noted in peak left ventricular pres- 
sure, average gradient and calculated obstructive area 
(Gorlin’s formula). These differences partially reflect 
the inclusion of 4 nonobstructive cases within the HC 
group. 

Quantitative angiography: All HC subjects demon- 
strated typical systolic septal perforator compression. 
Otherwise, no obstructive coronary disease was identi- 
fied, although 4 intramyocardial segments with partial 
systolic reduction in lumen caliber were noted. Figure 3 
shows proximal left anterior descending coronary diam- 
eters for normal, AS and HC subjects. In comparison to 
normal subjects, individuals with AS demonstrated 
greater coronary dimensions, and although considerable 
overlap is present, as a group, the largest coronary ar- 
tery diameters were observed in the HC subjects. Figure 
4 assesses the relative distribution of coronary artery en- 
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FIGURE 6. Indexed anteroseptal left ventricular mass/left 
anterior descending (LAD) coronary dimension ratios, in 
aortic valve stenosis (AS) and hypertrophic cardiomyopathy 
(HCM) subjects (individual data and group averages). 
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Obstructive 
Area 
(cm?) 


Peak LV 
Pressure 
(mm Hg) 


Gradient 
(mm Hg) 


205 + 36 62.1 + 20 0.65 + 0.24 


170+ 31 29.9 + 22 1.03 + 0.57 


largement by comparing left anterior descending and 
left circumflex coronary artery diameter ratios within 
the 3 experimental groups. Normal subjects demon- 
strated minimal differences in the relative sizes of the 
proximal left anterior descending coronary artery and 
left circumflex coronary artery, respectively (coronary 
diameter ratio, 1.04 + 0.14). The left anterior descend- 
ing coronary artery was preferentially enlarged in both 
AS and HC when compared to normal control subjects 
(AS, 1.18 + 0.19, p <0.05 and HC, 1.25 + 0.31, p 
<0.01). The differences observed between AS and HC 
subjects were not significant. 

Echocardiography: Two-dimensional directed M- 
mode echocardiographic measurements of septal dimen- 
sions in the 2 experimental groups with hypertrophy 
were both abnormal, but also demonstrated significant 
differences (AS 13.9 + 2.2 vs HC 22.9 + 4.5 mm, p 
<0.01). Indexed left ventricular mass was significantly 
greater in the HC subjects (AS 176 + 39 vs HC 238 + 
22 g/m’, p <0.01). Figure 5 shows indexed anteroseptal 
left ventricular mass in subjects with AS and HC. In 
comparison to the AS group, HC subjects demonstrated 
significantly greater mass within this myocardial terri- 
tory (AS 40.9 + 8.9 vs HC 72.1 + 21 g/m?, p «0.001). 

Echocardiography /quantitative arteriography: 
Since coronary artery dimensions should reflect basal 
flow requirements in specific ventricular distributions, 
indexes of regional left ventricular mass/coronary size 
were calculated for both the AS and HC groups. Signif- 
icant differences in septal thickness/left anterior de- 
scending coronary dimension ratios were observed (AS 
3.61 + 1.06 vs HC 4.85 + 1.17 mm/mm, p «0.05). 
Figure 6 shows indexed anteroseptal left ventricular 
mass/left anterior descending coronary dimension ratios 
in subjects with AS and HC. Significant differences 
were noted (AS, 11.2 + 3.0 vs HC, 15.6 + 3.9 g/m?/ 
mm, p <0.01), thus indicating a greater potential for 
anteroseptal hypoperfusion in the HC subjects. 


DISCUSSION 

Coronary morphology in ventricular hypertrophy: 
Few studies have systematically explored the changes in 
epicardial coronary diameter with ventricular hypertro- 
phy, with no direct comparative studies between AS and 
HC. In addition, the relative “adequacy” of the ob- 
served coronary enlargement has not been fully investi- 
gated, despite considerable evidence of functional isch- 
emia in these conditions. Wigle* described extensive 
myocardial fibrosis in AS and related these findings to 
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the degree of left ventricular hypertrophy. He postu- 
lated these pathologic changes resulted from “functional 
coronary insufficiency." Lewis and Gotsman? examined 
the left main stem and proximal right coronary arteries 
in a variety of cardiac diseases. This group was able to 
correlate increased ventricular mass with observed 
cross-sectional area, and suggested that if coronary ve- 
locity remained constant, these changes were reflective 
of resting coronary blood flow and were appropriate for 
the degree of ventricular hypertrophy. In a large post- 
mortem study, Paulsen et al? examined the cross-sec- 
tional area of the left coronary ostium and were also 
able to correlate these measurements with myocardial 
mass. Roberts and Roberts,!! in a careful pathologic 
study examining 5-mm coronary segments, also de- 
scribed a significant correlation between coronary diam- 
eter and ventricular weight, but also observed a less dis- 
tinct relation to age. These investigators noted the larg- 
est coronary diameters (average 9.6 mm?) in those 
subjects with AS, where average myocardial weight 
equalled 730 g. 

Myocardial ischemia in hypertrophic cardiomyopa- 
thy: Individuals with ventricular hypertrophy, including 
those with HC, commonly report precordial discomfort 
consistent with angina pectoris!?!6 and in conjunction 
with pathologically observed myocardial fibrosis, it is 
highly suggestive of intermittent ischemia. Multiple 
studies involving thallium-201 scintigraphy!™-!? have re- 
ported reversible myocardial ischemia in HC. Although 
atherosclerotic coronary obstruction may occur inde- 
pendently, other mechanisms that increase regional cor- 
onary flow requirements, or impede maximal hyperemic 
flow reserve, may be operational. Maron et al? identi- 
fied increased coronary medial and intimal thickening, 
secondary to proliferating smooth muscle and interlaced 
collagen in HC, with a reduction in absolute dimensions 
in the majority of necropsy specimens. Tanaka et al^ 
confirmed these observations, and were able to correlate 
these findings with quantitative measurements of re- 
gional myocyte hypertrophy, myocardial fiber disarray 
and localized fibrosis. Dynamic coronary obstruction, 
including systolic septal perforator compression,’ local- 
ized myocardial bridging and possibly intermittent coro- 
nary vasospasm,* are also possible pathophysiologic 
causes of myocardial ischemia in HC. Cannon et al’ 
have studied coronary flow dynamics in obstructive HC. 
Using a rapid atrial pacing protocol and subselective 
thermodilution measurements of regional coronary 
blood flow within the left anterior descending artery, 
these investigators observed increased resting flow (91 
vs 61 ml/min) and decreased intrinsic coronary vascular 
resistance (1.13 vs 1.55 mm Hg/ml/min). During the 
induction of angina pectoris with transmyocardial lac- 
tate production by rapid atrial pacing, progressive in- 
creases in coronary blood flow were abruptly terminated 
when heart rate exceeded 130 beats/min. Beyond this 
heart rate, absolute coronary flow decreased, and in 
conjunction with a marked elevation in left ventricular 
filling pressure, suggested the “exhaustion” of coronary 
flow reserve. These findings were subsequently correlat- 





ed with the magnitude of baseline left ventricular out- 
flow tract obstruction by Cannon et al.?? Studies evalu- 
ating myocardial ischemia in HC are clinically relevant 
since recent data suggest that the calcium antagonist 
verapamil can reduce angina pectoris?! and also prevent 
asymptomatic myocardial ischemia in this disease.?? 
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Results of the Valvuloplasty and Angioplasty 
of Congenital Anomalies Registry 


Hugh D. Allen, MD, and Charles E. Mullins, MD 


the use of balloon dilation to treat various congeni- 

tal cardiac lesions it became apparent that proper, 
expedient and safe development of the procedures 
would require coordination and open communication re- 
garding techniques, complications and feasibility for dif- 
ferent congenital cardiac lesions. With this goal, pediat- 
ric cardiologists from a few concerned institutions 
formed the Valvuloplasty and Angioplasty of Congeni- 
tal Anomalies (VACA) group, which was sponsored by 
Mansfield Scientific, Inc. The initial membership in- 
cluded: 


[: 1983, after the initial studies were reported about 


James Lock, MD 
Children's Hospital Medical Center, 
Boston, Massachusetts; 


Jean Kan, MD, and Robert White, MD 
Johns Hopkins University, 
Baltimore, Maryland; 


Charles Mullins, MD 
Texas Children's Hospital and 
Baylor College of Medicine, Houston, Texas; 


Paul Stanger, MD 
University of California at San Francisco, 
San Francisco, California; 


Michael Tynan, MD 
Guy's Hospital, London, England; 


William Rashkind, MD 
Children's Hospital of Philadelphia, 
Philadelphia, Pennsylvania; 


Zudhi Lababidi, MD 
University of Missouri, 
Columbia, Missouri. 


This group met in Boston and agreed to develop a 
data registry. The registry was kept at Johns Hopkins 
by Dr. Kan. After the initial meeting, the value of open- 
ing the registry to all centers performing significant 
numbers of such procedures so that their data could be 


From Columbus Children's Hospital, Ohio State University, Colum- 
bus, Ohio, and Texas Children's Hospital, Baylor College of Medicine, 
Houston, Texas. Manuscript received November 16, 1989, and accept- 
ed November 28, 1989. 
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included became apparent. The following centers were 
added: 


Sophia Children's Hospital, Rotterdam, 

The Netherlands; 

Izaak Walton Killam Children's Hospital, 

Halifax, Nova Scotia; 

Istituto Dante Passanese de Cardiologia do Estado, 
Sao Paolo, Brazil; 

Children’s Hospital National Medical Center, 
Washington, DC; 

University of Indiana, Indianapolis, Indiana; 
University of lowa Hospitals and Clinic, lowa City, lowa; 
University of Minnesota Hospital and Clinic, 
Minneapolis, Minnesota; 

Children’s Memorial Hospital, Chicago, Illinois; 
Mott Children’s Hospital, University of Michigan, 
Ann Arbor, Michigan; 

Rainbow Babies and Children’s Hospital, 

Cleveland, Ohio; 

Hospital for Sick Children, Toronto, Canada; 
University of Nebraska Medical Center, 

Omaha, Nebraska; 

University of Alabama, Birmingham, Alabama; 
Children's Hospital, Pittsburgh, Pennsylvania; 
University of Arizona, Tucson, Arizona; 

Mt. Sinai Medical Center, New York, New York; 
Mayo Clinic, Rochester, Minnesota; 
Yale University School of Medicine, 

New Haven, Connecticut; 

Cincinnati Children's Hospital, Cincinnati, Ohio. 


Later that year all participating individuals met in a 
curtained-off portion of a garage in the Dallas:conven- 
tion center and the registry was underway. To partici- 
pate, each center agreed to report all their therapeutic 
catheterization cases on a standardized form (Appen- 
dix) to provide data regarding hemodynamic, morbidity 
and mortality outcomes. Although discussed, there were 
no guidelines set down by the Registry concerning indi- 
cations, equipment or technique for the various dilation 
procedures. The data forms were forwarded to Dr. Kan 
who processed and analyzed the results. December 1985 
was agreed on to be the prearranged date to close the 
initial prospective data entry. The data were then fur- 
ther analyzed by subgroups according to separate le- 
sions and these form the basis for the texts of the fol- 
lowing 6 articles. The group continues to meet to collect 


and analyze long-term follow-up information. 
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APPENDIX 


VACA REGISTRY 








mon-day-year Registry # 
Confidential Information: Birth Date [3^ deci Met Record Z 
Institution Procedure Date - —- 
Operator 


eds: dur ifaenbsis:,1 
Mme A7 ER CALOR EH REIR Hg 
Phone # 2 
potes EY SERED del IS Cn RA 8 Paige tw e IPTE, V NUR | 
RR DNI CES: 
Essential data must be filled in or data form will be returned for completion. 
PULMONARY VALVE STENOSIS AORTIC VALVE STENOSIS 





uU Ned vege 
RV pressure — / 


RVO pressure Ud 
PA pressure 
Art. pressure 2 
Cardiac output 1/min/m 
Anulus dimension mm 
Balloon dimension Diameter mm 
Length cm 
Catheter Fr. 
Inflation pressure psi atm 
Postvalvuloplasty: 


RV pressure / 


RVO pressure 
PA pressure 
Art. pressure / 

















Cardiac output 1/min/n* 
Balloon rupture yes no 
long. circ. 
Complications yes no " 





(Describe on back) 





COARCTATION OF ACRTA 
Operated yes no 
Date of previous surgery MU: PL 
Previous surgery: 
.. end-to-end anastomosis 
. . Subelavian flap 
.—..Synthetic patch 
. conduit interposition 
Preangioplasty: 
Proximal pressure 
Distal pressure 
Proximal Ao dimension mm 
Distal Ao dimension MA T SD ERU UL 
Coarct dimension 
Cardiac output earn: re 
Balloon dimension Diameter Diameter mm 
Length cm 
Catheter Fr. 
Inflation pressure psi atm 
Postangioplasty: 
Proximal pressure 
Distal pressure / 
Coarct dimension 


Cardiac output — afishi 


Balloon rupture 

















LOCATE E09 circ. 
Complications yes no 


(describe on back) 


PERIPHERAL PULMONARY ARTERY STENOSIS 


Prevalvuloplasty: 
LV pressure 
AO pressure 
Cardiac output 


yo d nit/n- 





Anulus dimension Diameter mm 
Length mm 
Catheter Fr, 


Inflation pressure psi atm 
Postvalvuloplasty: 


LV pressure 
AO pressure 





Cardiac output l/nin/m* 
Balloon Rupture yes no 
Complications yes no 


(Describe on back) 


Vessel dilated L R 
Previous surgery yes no 
Surgical date SEA. e 
Surgical procedure: 
... Tetralogy of Fallot 
. . Systemic to pulmonary shunt 
... Reimplantation of pulmonary artery 
Preangioplasty: 
Lung scan: Q-RPA % 
Proximal PA pressure 
Distal PA pressure 
Dimension of vessel proximal mm 
Dimension of vessel distal mm 
Dimension of stenosis mm 
Cardiac output l/min/m 
Balloon dimension Diandber mm 
Length cm 
Catheter Fr, 

Inflation pressure psi atm 
Postangioplasty: 
Proximal PA pressure / 

Distal PA pressure 


Dimension of Pun O venereal voe P 


Cardiac pe nins 
-RPk Z swears) 





Q-LPA % 














Lung scan: 
Balloon cea 2 P yes 
long. "circ. 
Complications yes no 





(Describe on back) 
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MISCELLANEOUS ! 
Structure dilated: 

Superior baffle 

Inferior baffle 
Blalock-Taussig shunt 
Gore-tex shunt 
Atrial septal communication 































Other 
Preangioplasty: 
Proximal pressure 
Distal pressure 
Cardiac output 1/min/m 
Dimension proximal to stenosis mm 


Dimension distal to stenosis mm dodi teeth te} 
Dimension of stenosis ; 


gem ee 


Nt 


Balloon dimension Diameter mm VACA Registry 
; c/o Jean S. Kan 


Length cm EE coe ; : 
Retar REDIT. Division of Pediatric Cardiology 
sever Brady 5 






Inflation pressure psi ^ atm The Johns Hopkins Hospital 
600 North Wolfe Street 
Postangioplasty: Baltimore, Maryland 21205 










Proximal pressure 
Distal pressure 2 
Cardiac output 1/min/m 
Dimension of stenosis mm 


—— 
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ty E 


Criteria of effectiveness: 







JOMPLICATIONS: 


b Lo : ) i 

oi e.g. bleeding, femoral vessel requiring repair, persistant arrhythmia, 

v vessel thrombosis, valve regurgitation, perforation, neurologic event, 
A death 
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Balloon Pulmonary Valvuloplasty: Results of the 
Valvuloplasty and Angioplasty of Congenital 
Anomalies Registry 


Paul Stanger, MD, Steven C. Cassidy, MD, Donald A. Girod, MD, Jean S. Kan, MD, 
Zuhdi Lababidi, MD, and Stephen R. Shapiro, MD 


Eight hundred twenty-two balloon pulmonary 
valvuloplasties were reported to the Valvuloplasty 
and Angioplasty of Congenital Anomalies Registry. 
Before and after systolic outflow gradients were re- 
corded in 784 valvuloplasties, and the gradient de- 
creased from 71 + 33 to 28 + 21 mm Hg. The 
sites of residual obstructions could be ascertained 
in 196 patients. In these, the total systolic outflow 
gradients decreased from 85 + 41 mm Hg to 33 + 
27 mm Hg. Of this total residual gradient, 16 + 15 
mm Hg was transvalvar and 18 + 24 mm Hg was 
infundibular. The degree to which infundibular ob- 
struction subsequently resolved was not deter- 
mined in this study. The procedure was less effec- 
tive in reducing outflow gradients in patients with 
dysplastic valves with or without Noonan's syn- 
drome. There were 5 major complications (0.696), 
including 2 deaths (0.296), a cardiac perforation 
with tamponade (0.196) and 2 tricuspid insufficien- 
cies (0.2%). There were 11 minor complications 
(1.396) and 21 incidents (2.696). The incidence of 
major complications, minor complications and inci- 
dents was inversely related to age; it was substan- 
tially higher in infants and, in particular, neonates. 
Balloon pulmonary valvuloplasty is a safe and 
effective method of lowering pulmonary outflow 
gradients in infants, children and adults. Small 
transvalvar and varied infundibular gradients 
commonly are present at the end of the procedure. 
Assessing the full effect of the procedure requires 
intermediate-term follow-up and assessing the du- 
ration of relief requires long-term follow-up. 
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most common interventional procedure performed 

at cardiac catheterization in children. During the 
6-year study period of this report, BPV accounted for 
nearly half of all interventional procedures performed 
by members of the Valvuloplasty and Angioplasty of 
Congenital Anomalies (VACA) Registry. Although the 
procedure has gained wide acceptance and is considered 
to be the preferred method of treatment for valvar pul- 
monary stenosis, this is the first large-scale study of the 
efficacy and safety of the procedure. 


B» pulmonary valvuloplasty (BPV) is the 


METHODS 

Patient population: Between January 1, 1981, and 
December 31, 1986, pediatric cardiologists attempted 
822 BPVs at the 26 member institutions of the VACA 
Registry. During the early years of this study, pediatric 
cardiologists were the only cardiologists performing bal- 
loon valvuloplasties; consequently, 35 adults over age 21 
are included in the series. The registry was formed in 
June 1984, after which prospective records were kept of 
all procedures; retrospective data were obtained for ear- 
lier procedures. Data were gathered on all patients in 
whom pulmonary valvuloplasty was attempted, includ- 
ing those in whom the procedure was abandoned for 
technical reasons. 

Data collection: Pediatric cardiologists completed 
data collection forms, and a central data gathering sys- 
tem collated the data. The requested data included date 
of birth, date of procedure, whether the valve was dys- 
plastic, whether the patient had Noonan's syndrome, 
the diameter of the pulmonary valve anulus and the di- 
ameter(s) of the dilation balloon(s). In addition, the fol- 
lowing information was requested for the before and 
after valvuloplasty states: right pulmonary arterial 
pressures, right ventricular pressures, systemic arterial 
pressures and cardiac output. Pressure differences be- 
tween the right ventricle and pulmonary artery before 
and after valvuloplasty were available in 784 cases. 
Midway into the study, it was evident that many pa- 
tients with severe valvar pulmonic stenosis had appar- 
ently excellent valvar responses to balloon valvuloplasty, 
but showed significant and often increased infundibular 
constriction after dilation. Subsequently, right ventricu- 
lar outflow pressures were also requested; however, such 
data were obtained in only 196 of the 784 patients. 

All complications and valvuloplasty failures were to 
be reported. It was the consensus of the investigators 
that mild degrees of pulmonary insufficiency could not 
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TABLE I Results of Balloon Pulmonary Valvuloplasty 


Cases with 
Outflow 
Measurements 


(n = 196) 


85 + 41 
33 + 27 
17+ 24 
16415 


Pre-BPV total gradient (mm Hg) 71+33 

Post-BPV total gradient (mm Hg) 28+21 
Infundibular — 
Transvalvar -— 





be adequately assessed; consequently, only data regard- 
ing moderate or severe degrees of pulmonary insuffi- 
ciency were sought. 


RESULTS 

During the 6-year period, 822 balloon valvuloplasties 
were performed or attempted in 811 patients at the 26 
participating pediatric cardiology centers. The number 
of studies performed at each institution varied marked- 


Number of Procedures 


Institution 


FIGURE 1. Number of balloon pulmonary valvuloplasties 
performed at each of the 26 member institutions of the 
VACA Registry between 1981 and 1986. 
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(number) 


«1 
Months 


Years 
Age 


776 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 





ly, ranging from 1 to 77 (Figure 1). The age of the 
patients ranged from 1 day to 76 years; the age distribu- 
tion is shown in Figure 2. Within the pediatric age 
range, the distribution is heavily skewed to the younger 
age groups, with 35% of the patients under age 2 years, 
55% under age 5 years and 77% under age 10 years. 
Figure 3 shows the number of procedures performed 
each year. The number increased rapidly during the 
first 3 years but then leveled off. 

Hemodynamic results: There were 784 cases in 
which sufficient data were available to compare the pre- 
and immediate postvalvuloplasty pressure differences 
between the right ventricle and pulmonary artery. The 
results of all 784 cases are plotted in Figure 4. After 
BPV, most patients show a major reduction in the total 
pressure difference with 199 (25.496) showing a residual 
gradient of <15 mm Hg. Many, however, continued to 
have large total pressure differences that could have 
been due to residual valvar obstruction, infundibular 
constriction or both. An analysis of the level of residual 
obstructions was possible in 196 procedures in which 
postvalvuloplasty right ventricular outflow tract pres- 
sures were also available; the results are plotted in Fig- 
ure 5. It is apparent from Figure 5A that the total pres- 
sure difference between the right ventricle and pulmo- 
nary artery was reduced considerably in most patients 
but that many had substantial residual differences and 
that they correlated slightly with pre-BPV pressure dif- 
ferences. Figure 5B demonstrates that the majority of 
residual pressure differences were subvalvar and that 
the magnitude of subvalvar pressure difference correlat- 
ed slightly with initial severity. Figure 5C shows that 
the postvalvuloplasty transvalvar pressure difference av- 
eraged 16.5 mm Hg and showed virtually no correlation 
with initial severity. Sixteen patients (8%) had post- 
BPV transvalvar gradients >30 mm Hg. Although 196 
patients represent only 2596 of the total patients, the 
results shown in Figures 4 and 5A are very comparable 
and suggest that similar results were obtained in the 
entire group. The average gradients before and after 
BPV for both groups are listed in Table I. 

In an effort to determine whether the efficacy of 
BPV was age related, we plotted the results in the 196 
procedures with outflow pressures by age group (Figure 


FIGURE 2. Age distribution of the pulmo- 
nary valvuloplasty patients undergoing 


proce- 
dures represented by each bar is indicated 
at the top of each bar. The horizontal 
scale is extended in the earlier years. 


11 
pn] 
Unknown 


- 


Dysplastic 
Non-Noonan's 
(n = 34) 


RV-PA gradient (mm Hg) 


Before BPV 
After BPV 
RV pressure (mm Hg) 
Before BPV 
After BPV 


Values are mean + standard deviation. 
* p «0.05; t p «0.001 vs Non-Noonan's Nondysplastic. 


6). All age groups, including neonates, showed similar 
reductions in total right ventricular/pulmonary arterial 
pressure differences and also showed similar residual 
transvalvar pressure differences. 

We made an effort to assess the effectiveness of dif- 
ferent balloon sizes in the 196 procedures with data that 
included right ventricular outflow pressures. Balloon di- 
ameter/anulus diameter ratios were compared with re- 
sidual total gradient, residual outflow gradient, residual 
valvar gradient and percentage reduction in gradient. 
No clear relation was found. 

There were 46 patients with valves that were consid- 
ered dysplastic. Of these, 12 patients had Noonan's syn- 
drome. An additional 4 patients had Noonan's syn- 
drome but not dysplastic valves. In patients with dys- 
plastic valves with or without Noonan's syndrome, right 
ventricular systolic pressures and total outflow gradients 
after BPV were significantly higher than in the remain- 
ing 737 patients whose valves were not described as dys- 
plastic (Table IT). Very few of the patients with dysplas- 
tic valves had right ventricular outflow pressures mea- 
sured after valvuloplasty; consequently, an analysis of 
residual transvalvar gradients was not possible. 

Complications: For the purposes of this discussion 
the complications were divided into major complica- 
tions, minor complications, incidents and failures. Ma- 
jor complications were defined as those that resulted in 
death, a permanent dysfunction or an event that caused 
more than brief hemodynamic compromise. Minor com- 
plications were defined as episodes that required treat- 
ment but responded readily or resulted in persistent ab- 
normalities of little significance. Incidents were defined 
as brief episodes that resolved spontaneously or respond- 
ed readily to treatment and left no sequelae. Failures 
included procedures abandoned for technical reasons 
and procedures in which the result was regarded as in- 
adequate. Table III lists all the complications and, 
where known, the ages of the patients. 

MAJOR COMPLICATIONS: There were 5 major complica- 
tions (0.6%), including 2 deaths (0.2%), a cardiac perfo- 
ration with tamponade and 2 tricuspid insufficiencies. 

The first death occurred in a 5-day-old infant with 
an 8-mm diameter pulmonary valve anulus in whom 
balloon valvuloplasty was attempted with 8- and 4.5- 
mm diameter balloons simultaneously. Neither catheter 
could be withdrawn from its respective femoral vein. 
The smaller balloon became sheared off. There was a 
laceration at the junction of the inferior vena cava and 
iliac vein with subsequent hemoperitoneum, hypoten- 
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Dysplastic 
Noonan's 
(n = 12) 


Nondysplastic 
Noonan's 
(n = 4) 


Nondysplastic 
Non-Noonan's 
(n = 737) 


79 & 35 
49 + 20! 


100 + 36 
73 + 22! 





sion, ventricular dysrhythmias, electromechanical dis- 
sociation and death. 

The second death occurred in a 12-month-old infant 
in whom the pulmonary valve anulus tore during bal- 
loon inflation. The anulus measured 12 mm in diameter 
and a 12-mm balloon was used. 

An 8-day-old infant had perforation of the right ven- 
tricular outflow tract with resulting tamponade. Details 
regarding management were not provided; however, the 
patient was subsequently discharged, and there was no 
gradient across the pulmonary valve as assessed by 
Doppler echocardiography. 

There were 2 instances of tricuspid regurgitation. 
The first was in a 4-year-old child in whom a 6-cm-long 
balloon had resulted in avulsion of the anterior papillary 
muscle of the tricuspid valve. This was proven at the 
time of surgical repair of an atrial septal defect. The 
operator felt that the long balloon had involved the tri- 
cuspid apparatus. The second child with tricuspid regur- 
gitation after BPV had undergone dilation with a 15- 
mm diameter, 3-cm-long balloon. The operator felt that 
the balloon had migrated toward the tricuspid valve 
during inflation. (Tricuspid regurgitation after balloon 
valvuloplasty is a rare event for which the cause is un- 


Number of Procedures 


1985 


1984 


1981 1982 1983 1986 





FIGURE 3. Number of balloon valvuloplasties per- 
formed in each year of the VACA Registry survey. After the 
initial large increases between 1982 and 1984, relatively 
small increases are noted in 1985 and 1986. 
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Major complications—death 





1 anular tear (12 mos) 

1 vein tear (5 days) 
Major complications—other 

1 perforation and tamponade (8 days) 

2 tricuspid regurgitations (?, 4 yrs) 


Minor complications 
5 vein thrombosis 
2 vein tears 
1 respiratory arrest 
1 leaflet avulsion 


(6 days, 2 mos) 
(4 days) 
(3 mos) 


2 arrhythmias (6 yrs, 7 yrs) 
Incidents 
6 arrhythmias 
3 hypoxia (4 mos, 22 mos, 23 mos) 


(17 mos) 
(4 mos) 


1 perforation 

1 hypotension 

7 bleeding from cath. site 
2 arterial thrombosis 

1 hemoptysis 


(7 mos, 8 mos) 
(21 yrs) 


known. Theoretically, positioning the dilation balloon 
between tricuspid valve chordae or between the chordae 
and septum could be a contributing factor. To minimize 
this risk, full inflation of the balloon of the end-hole 
Berman catheter in the right atrium before passage 
through the tricuspid valve and maintenance of full in- 
flation until the catheter is well into the pulmonary out- 
flow would ensure that the catheter passed through the 
major orifice of the tricuspid valve rather than through 
the secondary orifices or between chordae and septum.) 

MINOR COMPLICATIONS: There were 11 minor compli- 
cations, including 5 femoral venous thromboses, 2 femo- 
ral vein tears, 1 brief respiratory arrest secondary to 
morphine sedation, 1 questionable avulsion of an anteri- 
or pulmonary valve leaflet and 2 arrhythmias requiring 
treatment. The first arrhythmia occurred in a 6-year- 
old in whom ventricular tachycardia developed during 
the first balloon inflation, and it responded to direct cur- 
rent countershock. The patient was given prophylactic 
lidocaine and the procedure was completed without fur- 
ther complications. The second arrhythmia occurred 
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TABLE Ill Complications of Balloon Pulmonary Valvuloplasty (822 Procedures) 


(5 days, 8 days, 11 mos, 11 mos, 6 yrs) 


(1 mo, 2 mos, 5 mos, 12 mos, 12 mos, 16 yrs) 


(1 mo, 1 mo, 5 mos, 10 mos, 2 yrs, 2 yrs, 10 yrs) 


Cath. = catheterization. 


y = 3.3155 + 0.3478x 
= 0.53 























3 0.35 
11 1.34 
21 2.55 












during balloon dilation in a 7-year-old. In that instance, 
ventricular tachycardia rapidly degenerated to ventricu- 
lar fibrillation and asystole. Deflation of the balloon and 
external cardiac massage for 20 seconds resulted in a 
return to sinus rhythm. 

INCIDENTS: Twenty-one patients had notable inci- 
dents during the procedure. Of these, 6 patients had 
transient arrhythmias including 3 with third-degree 
atrioventricular block, 2 with supraventricular tachycar- 
dia and 1 with complete right bundle branch block that 
persisted until the time of discharge from the hospital. 
There were 3 patients with transient hypoxemia, 1 with 
guidewire perforation of the right ventricular outflow 
tract not associated with tamponade or symptoms, 1 
with systemic hypotension, 7 with bleeding from the 


catheterization site, 2 with femoral arterial thromboses - 


that responded to thrombolytics and 1 with hemoptysis. 


Figures 7A and 7B clearly show that major compli- ~ 


cations, minor complications and incidents were consid- 
erably more common among infants than children or 
adults. This was particularly true for infants under 1 


FIGURE 4. Immediate results of balloon 
pulmonary valvuloplasty (BPV) in 784 
procedures with adequate information for 
determining before and after pressure dif- 
ferences between the right ventricle and 
pulmonary artery. Each dot represents a 
plot of 1 patient's before and immediate 
after-BPV pressure differences. The 
dashed line is the line of identity, and the 
solid line represents the regression equa- 
tion for the entire group of patients. The 
vast majority of patients had a substantial 
reduction in pressure; however, many had 
small reductions and 14 had a slight 


increase in pressure difference. PA — 
pulmonary artery; RVB - right ventricular 
body. 





onth of age, where the mortality was 3.596, other ma- 
yr complications 3.5%, minor complications 15% and 
1cidents 6%. Major complications, minor complications 
nd incidents were 2 to 3 times more frequent in infants 
han in children or adults (Table IV). 

It should be noted that certain hemodynamic 
hanges occurred routinely in association with the pro- 


cedure and were not reported. Specifically, transient 
bradycardia and decline in saturation that accompanied 
balloon inflation and disappeared with deflation was an 
expected event that was not reported unless it persisted 
or resulted in symptoms. 

THERAPEUTIC FAILURES: There were 16 patients 
(1.9%) in whom the procedure was unsuccessful. In 8 






"FIGURE 5. Results of balloon pulmonary 
'alvuloplasty (BPV) in the 196 procedures 
vith right ventricular outflow pressures 
ifter BPV. Each graph shows total pres- 
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B. RVB - RVO 


dashed line is the line of identity, and the 
solid line represents the regression equa- 
lion for the 196 procedures. B, residual 
infundibular pressure differences. A plot 
of the prevalvuloplasty total pressure dif- 
ference and the postvalvuloplasty pressure 
difference between the right ventricular 
body and right ventricular outflow tract 
demonstrates that the majority of residual 
pressure difference in this group of pa- 
lients was due to infundibular obstruction. 


.3 + 0.36x 
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cating that residual transvalvar pressure 
differences were similar for patients with 
moderate, severe and very severe initial 
pressure differences. It is evident from A, 
B and C that the vast majority of pressure 
difference is due to infundibular obstruc- 
tion. Although A the results in 
the 196 patients with RVO pressures, the 
results are very similar to those in Figure 
4 and would suggest that similar results 
were obtained in the entire group. 
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TABLE IV Complications of Balloon Pulmonary Valvuloplasty 
(822 Procedures) 


Children and 
Adults (656) 


Infants 


Major 
Minor 
Incidents 
Failure 


the procedure was abandoned for technical reasons, in 1 
the patient would not tolerate the procedure and in 7 
balloon dilation was accomplished but was deemed un- 
successful by the operator. The 1 patient who would not 
tolerate the procedure developed recurrent hypoxemia 
when the guidewire was across the right ventricular out- 
flow tract. Among the 8 procedures abandoned for tech- 
nical reasons, the dilation catheter could not be passed 
into the femoral vein in 2, could not be passed into the 
inferior vena cava in 1 and could not be passed across 
the pulmonic valve in 4; no reason was given in 1. Bal- 
loon valvuloplasty was performed but deemed unsuc- 
cessful in 7 patients. In 2, the valve was felt to be dys- 
plastic, 4 had subpulmonic stenosis and in 1 a hemato- 
ma of the pulmonary valve was found at subsequent 
surgery. 


DISCUSSION 

Since 1982, when BPV was first described, several 
reports have indicated that BPV is effective in markedly 
reducing the degree of right ventricular outflow obstruc- 
tion.2-?! These reports contain 376 procedures, and 138 
of these were from institutions that are members of the 
VACA Registry.^? Data concerning all, or at least 
most, of the 138 procedures are contained in the regis- 
try survey. Information concerning the remaining 238 
procedures may be found in several case reports,5-! sev- 
eral small series'*-2’ and 4 larger series.**-*! The ratio 
of the registry to nonregistry cases suggests that the 
number of registry cases is but a fraction of the total 
procedures being done. Among the 238 cases reported 
from nonregistry centers, there was 1 death (0.4%), an 
incidence similar to that found in the present survey. A 
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variety of other complications have been reported, in- 
cluding rupture of a tricuspid valve papillary muscle,?? 
pulmonary valve cusp avulsion,? pulmonary regurgita- 
tion,?! dysrhythmias,? convulsions ’ and vascular occlu- 
sions. Most published reports did not discuss lesser 
complications; consequently, a statistical analysis of ma- 
jor complications other than death, minor complications 
and incidents was not possible before this survey. 

Natural history and surgical results: The natural 
history of pulmonic stenosis is quite variable, but 2 gen- 
eral patterns are apparent when neonates are separated 
from infants and children. Neonates with mild or mod- 
erate stenosis are generally free of symptoms; however, 
the obstruction may increase with time.?*5 Neonates 
with severe stenosis often have hypoplastic right ventri- 
cles or tricuspid insufficiency with marked right-to-left 
atrial shunting: without surgical correction, the condi- 
tion is almost always fatal.?^?5* In 62 neonates in 4 se- 
ries, surgical intervention with blind transventricular 
valvotomy, inflow occlusion valvotomy or valvotomy un- 
der cardiopulmonary bypass has been associated with 
an average mortality of 37% and a range of O to 
7595,2638.39 The recent use of prostaglandin E; before 
and after surgery has been associated with a lower mor- 
tality in 1 small series;?? however, the procedure is still 
associated with significant morbidity. Furthermore, the 
initial surgery in neonates is often palliative. More than 
half the survivors require subsequent surgeries for revi- 
sion of right ventricular outflow obstruction, removal of 
shunts, closure of atrial communications, or some com- 
bination of these.?69* 

Infants and children with severe obstruction have 
few symptoms, occasionally have mild exercise intoler- 
ance and seldom have congestive failure but, with time, 
they frequently deteriorate and die.?^ In this age group, 
surgical valvotomy has a mortality of 1.5 to 296,76 but 
there are little data regarding morbidity such as neuro- 
logic complications associated with cardiopulmonary 
bypass, infection, dysrhythmias, phrenic palsy and post- 
pericardiotomy syndrome. Such nonfatal complications 
have been estimated at 12%.* Surgical relief of obstruc- 
tion is ordinarily quite good and is best assessed 6 to 12 
months after surgery. The tendency for residual infun- 
dibular stenosis to resolve during that period has been 
well established;??4!4? however, not all patients show 


FIGURE 6. Pressure differences before 
and after balloon pulmonary valvuloplasty 
(BPV) at different ages. The pre-BPV total 
pressure gradients are indicated by the 
height of the white bars, the post-BPV to- 
tal residual gradient by the height of the 
upper shaded bar, the infundibular gradi- 
ents by the /ower shaded bar and the 
transvalvar gradients by the difference 
between the shaded bars. Residual trans- 
valvar gradients are similar in all age 
groups. The number of patients in each 
age group is above the white column. 

The age groupings are expanded in the 
earlier years. PA — pulmonary artery; 
RV - right ventricle; RVO - right 
ventricular outflow 





this improvement. Follow-up studies have shown residu- 
al gradients of 230 mm Hg in 10% of operated pa- 
tients? and 3 to 4% require reoperation for resteno- 
sis 3643 

Efficacy of balloon valvuloplasty: This multicenter 
survey confirms that BPV is effective in producing im- 
mediate reductions in right ventricular systolic pressure 
and total pulmonary outflow gradients in almost all pa- 
tients, with 25% showing virtual eradication of obstruc- 
tion. Residual obstructions were common and consisted 
of relatively small transvalvar gradients as well as infun- 
dibular gradients that varied from mild to severe. The 
fate of the latter was beyond the scope of this survey; 
however, the few published reports of intermediate 
range follow-up studies show a subsequent spontaneous 
reduction of infundibular gradients in the first year af- 
ter BPV,2/73.4^45 particularly in those with the least 
satisfactory initial result.” The delayed reduction re- 
sembles that found after surgical valvotomy and sug- 
gests that immediate total gradient probably underesti- 
mates the efficacy of BPV. Immediate transvalvar gra- 
dients may be better predictors of final gradients, or the 
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FIGURE 7. Ages of patients with compli- 
cations of balloon pulmonary valvuloplasty 
(BPV). A, number of complications within 
each age group. Each bar represents the 
number of deaths, other major complica- 
tions, minor complications and incidents. 
B, frequency of complications within each 
age group. Each bar represents the per- 
centage of patients in that age group 
showing complications or incidents. The 
number and frequency of complications 
and incidents were highest in the first year 
of life, particularly among neonates. The 
horizontal scale of both graphs is extend- 
ed in the early years to permit more 
detailed information. 
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latter may lie somewhere between the two. Additional 
follow-up studies using cardiac catheterization or Dopp- 
ler echocardiography are necessary to document the de- 
gree of residual obstruction. Although immediate re- 
sults of BPV appear comparable to immediate surgical 
results, long-term follow-up is necessary to determine 
whether BPV has the same favorable long-term results 
as surgical interyention. As is the case with surgery, 
some BPV patients may develop recurrent valvar ob- 
struction and may require repeat balloon valvuloplasty 
in the future. The latter has been documented primarily 
in patients who obtained incomplete relief of obstruction 
by BPV as neonates.^6 

In this survey, a clear association could not be found 
between the balloon diameter/anulus diameter ratio 
and efficacy of result as assessed by residual total gradi- 
ent, residual transvalvar gradient or residual right ven- 
tricular systolic pressure. This is in contrast to reports of 
improved reductions in transvalvar gradients with the 
use of oversize balloons. Radtke et al^ have reported 
improved immediate reductions, whereas Rao?! found 
no improvement immediately but considerable improve- 
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ment at follow-up catheterization 6 to 28 months later. 
The reason for the discrepancy between these studies 
and the present survey is not readily apparent but may 
be due to imprecision and variations in the measure- 
ment of right ventricular pressures, pulmonary valve 
anulus, balloon diameters or a combination. The latter 
have been found, in room air, to be slightly smaller (95 
+ 0.09%) than manufacturers’ stated size.*’ 

The response of dysplastic pulmonary valves to BPV 
was quite variable but, in general, less than that of non- 
dysplastic valves. This was the case in this survey as 
well as in several reports, ’:2!.28.45,48 

Complications: The present survey documents the 
very low mortality and morbidity associated with BPV. 
The incidence of complications was inversely related to 
age, with neonates having substantially higher compli- 
cation rates than other age groups. This is understand- 
able given the size of the patients, the severity of illness, 
the relative size of the catheters and the greater techni- 
cal difficulty of the procedures. This survey did not in- 
clude information regarding duration of procedure or 
length of fluoroscopic exposure; however, valvuloplasty 
does lengthen the catheterization procedure, particular- 
ly in neonates. The combination of tricuspid insufficien- 
cy, small right ventricles and narrow outflow tracts 
found in this age group may make passing a catheter 
into the pulmonary artery extremely difficult, if not im- 
possible. One report indicated an average fluoroscopy 
time of 120 minutes in neonates undergoing BPV.4^? To 
adequately compare the efficacy and safety of surgical 
and balloon valvuloplasty in this age group, more de- 
tailed studies of surgical morbidity are needed, as are 
long-term evaluation of right ventricular growth and ul- 
timate hemodynamic result. 

Study limitations: There are 3 limitations to the 
present survey. First, the data collected were limited to 
acute hemodynamic changes induced by BPV with no 
information on subsequent changes in infundibular or 
valvar obstructions. To document the intermediate and 
long-term efficacy, follow-up echocardiographic-Dopp- 
ler study or cardiac catheterization of these patients, or 
both, is necessary. 

Second, several possible inaccuracies of pressure 
data before and after BPV may have introduced small 
errors in the measuring of gradients. Before BPV, main 
pulmonary arterial pressure tracings commonly have 
the Bernoulli effect and systolic pressures that are sever- 
al millimeters lower than in the branch pulmonary 
arteries, particularly if measured with an end-hole cath- 
eter. The use of main pulmonary arterial pressure trac- 
ings could have resulted in slight overestimates of pres- 
sure gradients, particularly before valvuloplasty. Right 
ventricular pressure tracings after BPV often are 
marked by fling artifact, making determination of right 
ventricular systolic pressure an estimate rather than 
an accurate measurement. Additionally, infundibular 
spasm is particularly prominent in the first minutes af- 
ter valvuloplasty and gradually subsides over the ensu- 
ing 20 to 30 minutes. Obtaining pressures in the first 
minutes after valvuloplasty may result in an overesti- 
mate of residual infundibular pressure gradients. 
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Third, the technique of the procedure was not stan- 
dardized. Variation in inflation pressures and frequency 
of inflations may have affected the outcome of proce- 
dure, but their role could not be assessed from the data 
presented. 

Clinical complications: These data demonstrate that 
BPV is an effective and safe means of reducing pulmo- 
nary outflow gradients in patients with valvar pulmonic 
stenosis. The procedure has proven safe with a lower 
mortality than surgery and probably a lower morbidity 
as well. The immediate results of BPV are comparable 
to immediate results after surgery; however, additional 
intermediate and long-term follow-up after BPV is nec- 
essary to determine whether the long-term results are 
similar. 
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Balloon Aortic Valvuloplasty: Results of the 
Valvuloplasty and Angioplasty of Congenital 
Anomalies Registry 


Albert P. Rocchini, MD, Robert H. Beekman, MD, Giora Ben Shachar, MD, Lee Benson, MD, 
David Schwartz, MD, and Jean S. Kan, MD 


Data from 204 children and infants who underwent 
aortic balloon valvuloplasty between 1982 and 
1986, reported to the Valvuloplasty and Angio- 
plasty of Congenital Anomalies Registry, were re- 
viewed. Valvuloplasty was successful in 192 of 204 
children, reducing the peak systolic left ventricular 
ejection gradient from 77 + 2 to 30 + 1 mm Hg, p 
«0.001. The same degree of aortic stenosis gradi- 
ents reduction was noted in both the 38 children 
under 1 year of age and in the 166 children over 1 
year of age. Significant complications included 
death, aortic regurgitation and femoral artery 
thrombosis or damage. The incidence of these com- 
plications correlated with the age of the child, the 
ratio of valvuloplasty balloon size/anulus size, or 
both. The data suggest that percutaneous balloon 
valvuloplasty provides effective acute relief of val- 
var aortic stenosis in both infants and children. 
However, long-term follow-up data are necessary 
before balloon valvuloplasty can be established as a 
treatment of choice for congenital valvar aortic 
stenosis. 

(Am J Cardiol 1990;65:784-789) 
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uring the past 5 years percutaneous balloon 
I) valvuloplasty has become the treatment of choice 

for valvar pulmonary stenosis.!-6 Balloon angio- 
plasty, however, still remains an experimental procedure 
for unoperated left-sided obstructive lesions.^? Lababidi 
et al*? recently reported that percutaneous balloon dila- 
tion could be used to successfully treat valvar aortic ste- 
nosis. Others have also reported that valvuloplasty can 
successfully treat valvar aortic stenosis in both chil- 
dren!?-!? and adults.'*'!° However, the total reported 
experience with balloon angioplasty to treat valvar aor- 
tic stenosis in the pediatric population is thus far only 
58 patients. In an attempt to evaluate the efficacy and 
safety of balloon valvuloplasty to treat children with 
valvar aortic stenosis in a large population, the results of 
Valvuloplasty and Angioplasty of Congenital Anomalies 
(VACA) Registry were reviewed. 


METHODS 

Patient population: Balloon aortic valvuloplasty was 
performed in 204 children (10.1 + 0.84 years of age) 
and the results were reported to the VACA Registry 
from January 1982 through December 1986. The age 
distribution of the patients is shown in Figure 1. All 
members of the VACA Registry were asked to com- 
plete a questionnaire on all patients in whom they per- 
formed balloon aortic valvuloplasty. The questionnaire 
contained the following information: date of birth, date 
of procedure, left ventricular and aortic pressures and 
cardiac output indexes before and immediately after 
valvuloplasty, aortic anulus dimension, valvuloplasty 
balloon dimension, inflation pressure and any complica- 
tions associated with the procedure. The data from the 
VACA Registry were then analyzed and form the basis 
of this report. 

No attempt was made by the registry to standardize 
valvuloplasty indications, the methods used to perform 
valvuloplasty or to obtain any follow-up information af- 
ter valvuloplasty. A single valvuloplasty balloon (rang- 
ing in diameter from 4 to 25 mm) was used in 163 sub- 
jects and 2 balloons side by side (ranging in diameter 
from 5 to 18 mm) were used in 23 subjects. Neither the 
balloon size nor number used were specified in 18 sub- 
jects. 

Statistical analysis: The data are presented as mean 
+ standard deviation. Comparisons were made using ei- 
ther a 2-tailed ¢ test for paired observations, analysis of 
variance or chi-square testing. Linear regression analy- 
sis was used to determine if a relation existed between 








the ratio of balloon size/anulus size or patient age and 
the decrease in left ventricular pressure or outflow tract 
gradient. A p value <0.05 was required as evidence of 
significance. 


RESULTS 

Hemodynamic data: Table I lists hemodynamic data 
before and immediately after valvuloplasty from all 204 
subjects who had aortic balloon valvuloplasty attempt- 
ed. The peak systolic ejection gradient significantly de- 
creased from 77 + 28 to 30 + 14 mm Hg (p <0.001) 
(Figure 2). The decrease in peak systolic ejection gradi- 
ent was due to the combination of a significant decrease 
in left ventricular systolic pressure (p <0.001) and 
a significant increase in aortic systolic pressure (p 
<0.001) (Table I). No significant changes in cardiac 
index, aortic diastolic pressure or left ventricular end- 
diastolic pressure were observed after valvuloplasty. No 
relation was observed between the change in left ven- 
tricular systolic pressure or the change in left ventricu- 
lar outflow tract gradient and age for the group consid- 
ered as a whole (age vs change in gradient r = 1.23; age 
vs change in left ventricular pressure r = —0.08), or for 
infants (<1 year of age) versus older children (Figure 
3). However, the results were poorer in those neonates 
in whom angioplasty was performed in the first week of 
life compared to the group as a whole (p <0.001) or 
compared to infants between the ages of 8 days and 1 
year (p <0.001). In addition, neither the valvuloplasty 
balloon size, the ratio of balloon/anulus diameters nor 
the use of 1 or 2 valvuloplasty balloons correlated with 
the degree of reduction in left ventricular systolic pres- 
sure or outflow tract gradient. 

Operative aortic valvotomy was subsequently re- 
quired in 4% (8 of 204) of the children. Balloon valvulo- 
plasty could not be performed in 4 of these patients be- 
cause it was not possible to cross the aortic valve in a 
retrograde fashion. Serious complications occurred be- 
fore performing the valvuloplasty in 2 children (left ven- 
tricular perforation and valvuloplasty catheter malfunc- 


FIGURE 1. The age distribution of the 
204 children who underwent balloon 


aortic valvuloplasty. 
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TABLE I Hemodynamic Data Before and After Valvuloplasty 
in 186 Children for Whom Complete Data Were Reported to 
the Registry 


Before After 
No.  Valvuloplasty Valvuloplasty p Value 


LV systolic 186 174+ 40 <0.001 
pressure 
(mm Hg) 

LVED pressure 157 
(mm Hg) 

AO systolic 186 
pressure 
(mm Hg) 

AO diastolic 186 
pressure 
(mm Hg) 

Cardiac index 103 
(liters /min / m?) 


133 + 27 


Is =5 12+6 0.19 


96+ 13 104+ 13 <0.001 


63213 65 € 13 0.11 


41+1 3941 0.06 


AO = aortic; ED = end-diastolic; LV = left ventricular. 


tion, nos. 9 and 10, Table II). The valvuloplasty was 
performed but did not effectively reduce the left ventric- 
ular outflow tract gradient to a nonsurgical level in the 
remaining 2 subjects. The left ventricular outflow gradi- 
ent only decreased from 80 to 60 mm Hg in 1 child and 
in the other, an infant, acidosis and seizures persisted 
despite a modest reduction in gradient (70 to 40 mm 
Hg) (no. 5, Table II). 

Complications: Major life-threatening complications 
occurred in 11 of 204 subjects (5%) (Table II). Five of 
the 11 children, all <1 year of age, died either during 
the procedure (4 of 5) or within 2 days of the valvulo- 
plasty procedure (1 of 5). There were several specific 
causes of death in each of these 5. A 7-mm balloon 
catheter could not be advanced from the right femoral 
artery into the abdominal aorta in the first infant. On 
withdrawal of the catheter the iliac/femoral artery was 
torn and the child exanguinated. Valvuloplasty was not 
performed. A second infant had undergone a surgical 
valvotomy at 6 days of age. Due to persistent congestive 
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failure, aortic valvuloplasty was attempted. After 
the valvuloplasty the infant developed hypotension and 
bradycardia, and an aortogram demonstrated severe 
aortic regurgitation. The patient died approximately 1 
hour after the valvuloplasty. Necropsy examination re- 
vealed complete avulsion of the posterior aortic cusp. A 
third infant experienced a cardiac arrest and died due to 
aortic valve perforation and severe aortic insufficiency. 
A fourth infant had a combination of severe valvar aor- 
tic stenosis and a mild supravalvar stenosis. The infant 
died from tamponade shortly after the procedure. The 
ascending aorta was found to be very hypoplastic and a 
tear in the aortic root at the supravalvar ridge was not- 
ed at autopsy. The fifth infant (previously mentioned) 
died 2 days after an unsuccessful balloon valvuloplasty 
and subsequent surgical valvotomy. At necropsy, the in- 
fant was noted to have a transverse, circumferential tear 
in the aorta at the origin of the left common carotid 
artery. 

Other major complications included life-threatening 
arrhythmias in 3 patients, and in 1 child each perfora- 
tion of the left ventricle, requiring emergency pericar- 
diocentesis and surgery; dislodgement of the balloon 
portion of the valvuloplasty catheter in the ascending 
aorta over a guidewire in the left ventricle requiring 
emergency surgery to remove the balloon; and perfora- 
tion of the mitral valve (while performing balloon aortic 
valvuloplasty using an anterograde approach across the 
atrial septum) requiring surgical repair of the mitral 
valve. Major complications were significantly related to 
age at valvuloplasty. Nine of 38 children <1 year of age 
developed a major complication whereas only 2 of 166 
over 1 year of age had complications, yielding a relative 
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FIGURE 2. The distribution of change in aortic stenosis 
gradient for the 204 children who underwent balloon aortic 


valvuloplasty. 
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risk of 25.5 for major complications in infancy (chi- 
square = 28.2; p <0.001). Angioplasty performed dur- 
ing the first month of life is associated with the highest 
rate of complications (Figure 4). 

Aortic regurgitation developed or increased in sever- 
ity in 21 of 204 children. The aortic regurgitation in- 
creased by <1 degree in 14 of the children, while the 
increase in regurgitation was moderate in 3 children 
and severe in 4. No difference in the incidence of aortic 
insufficiency existed between those patients under the 
age of 1 year (6 of 38) and those over the age of 1 year 
at the time of valvuloplasty (15 of 160). A significant 
relation was noted between the development of and se- 
verity of aortic insufficiency and the ratio of valvulo- 
plasty balloon size/aortic anulus size (Figure 5). 

Finally, significant bleeding requiring transfusion oc- 
curred in 5 of 204, while arterial thrombosis or damage 
was associated with the valvuloplasty procedure in 25 of 
204 (12%). Permanent loss of the femoral artery pulse 
occurred in 5 of 25 (20%) children. Three resulted from 
femoral arteries that could not be repaired. No explana- 
tion for the failure of femoral pulse to return to normal 
was given in 2 others. In the other 20 of 25 children the 
femoral pulse returned to normal after treatment with 
heparin in 4, streptokinase or urokinase in 7, or after 
surgical thrombectomy in 6. A significant association 
between age and femoral thrombosis was observed. Loss 
of femoral pulse occurred in 12 of 38 children under the 
age of 1 while only 13 of 160 children over the age of 1 
lost the femoral pulse (relative risk = 5.2, chi-square = 
86, p = 0.005). In an attempt to evaluate the relation 
between valvuloplasty balloon size (independent of age) 
and the incidence of femoral artery thrombosis, we 
compared the ratio of balloon size/anulus between 
those children who did and did not develop arterial 
thrombosis. The ratio of balloon size/anulus size was 
significantly larger in those children who developed ar- 
terial thrombosis (0.99 + 0.7 vs 0.91 + 0.03, p = 
0.023). 


DISCUSSION 

Hemodynamic results: The management of infants 
and children with moderate to severe aortic stenosis can 
be challenging. When indicated, surgical aortic valvot- 
omy is an effective means of reducing the aortic stenosis 
gradient with a low mortality of 1 to 2% in children over 
the age of 1 year.???^ Surgical valvotomy must be con- 
sidered palliative therapy, however, since aortic regurgi- 
tation may occur and restenosis is common.”>-*? The 
present study suggests that percutaneous balloon valvu- 
loplasty may provide an effective alternative to surgical 
palliation of valvar aortic stenosis in infants and chil- 
dren (>1 week of age). Balloon valvuloplasty of the aor- 
tic valve decreased the peak systolic ejection gradient 
across the aortic valve in 192 of 204 infants and chil- 
dren to levels comparable to those achieved by surgical 
valvotomy. For children >1 year of age aortic stenosis 
gradients after valvuloplasty averaged 30 + 6 mm Hg 
and for children <1 year of age the gradients averaged 
27 + 51 mm Hg (Figure 3). Jones et al?! recently re- 
ported the results of surgical aortic valvotomy in 41 





children with valvar aortic stenosis over 1 year of age. 
Cardiac catheterization performed 1 year postoperative- 
ly showed a mean residual aortic gradient of 28 mm 
Hg. These other reports indicate that surgical valvot- 
omy can be expected to reduce the left ventricular out- 
flow tract gradient to approximately 25 to 40 mm Hg, 
results comparable to those observed in this study.?!-?? 

The mechanism by which balloon valvuloplasty re- 
duces the gradient in congenital valvar aortic stenosis 
has not been clearly defined, but evidence suggests that 
tears are produced along lines of commissural fusion. 
McKay et al? performed necropsy or intraoperative 
balloon dilation in 3 patients with aortic stenosis and 
commissural fusion (1 with congenital bicuspid and 2 
with postrheumatic aortic stenosis). In each instance, 
balloon dilation resulted in separation of the fused com- 
missures along the commissural lines. Lababidi et al59 
reported intraoperative observations of the aortic valve 
in 2 children who underwent elective surgical valvotomy 
after unsuccessful percutaneous balloon valvuloplasty. 
Each bicuspid aortic valve was found to have a 2- to 4- 
mm tear along the free edge of the fused commissure. 
The anatomic changes after more successful balloon 
aortic valvuloplasty in childhood have not been report- 


Complications: In addition to documenting the acute 
efficacy of balloon aortic valvuloplasty for the treatment 
of valvar aortic stenosis, this study also documents a 
number of complications directly associated with the 
procedure, including death, aortic regurgitation, femo- 
ral artery thrombosis or damage, excessive blood loss, 
life-threatening arrhythmias and damage to other cardi- 
ac structures. Four deaths were directly related to the 
valvuloplasty procedure, and all 4 occurred in infants 
under the age of 3 months. However, critical aortic ste- 
nosis carries a grave prognosis even if treated surgical- 
ly.31-36 In a recent report by Pelech et al?! survival 
for neonates undergoing surgical therapy for critical 
aortic stenosis was only 43%. Even though the registry 
data do not specify why the 38 infants underwent bal- 
loon aortic valvuloplasty as opposed to surgical therapy, 
the survival rate of 87% for the valvuloplasty group is 
remarkable. When the causes of death in these infants 
were reviewed, we found that 1 of these deaths (no. 1, 


LVOT GRADIENT (mmHg) 
LV SYSTOLIC PRESS(mmHg) 


»1YR OF AGE «1YR OF AGE 


AGE AT VALVULOPLASTY 


error of the mean. * p «0.001, before and after valvuloplasty. 


AGE AT VALVULOPLASTY 


LV outflow tract (OT) gradient and cardiac index in those 


FIGURE 3. The change in left ventricular (LV) systolic pressure, 
ortic valvuloplasty. All values are mean + standard 


children less than and greater than 1 year of age at the time of a 








TABLE Il Major Life-Threatening Complications Associated 
with Aortic Balloon Valvuloplasty 










Anulus 
(mm) 


Balloon 
(mm) 





Age 


Complication 








Death due to esanguina- 
tion from a torn iliac / 
femoral artery 

Death due to avulsion of 
posterior cusp of aortic 
valve 

Death due to aortic valve 
perforation 

Death due to rupture of 
ascending aorta at the 
site of a supravalvar 
ridge 

Death due to unsuccess- 
ful valvuloplasty and 
surgery; tear in aorta 
at autopsy 

Bradycardia requiring re- 
suscitation 

Bradycardia requiring dis- 
continuing procedure 

Ventricular fib. during 
catheter exchange 

LV perforation requiring 
emergency open heart 
surgery 

Catheter malfunction re- 
quiring open heart sur- 
gery 

Mitral valve tear requiring 

open heart surgery 








2 <1 mo 6 6 







3 <1 mo 5 5.5 






4 3 mos 6 9 








5 <1 mo 5 6 









6 <1 mo 5 — 






7 <1 mo 5 — 






8 <l mo 6 10 






9 <lmo  — 6 







10 14.9yrs 25 31 







11 9.6yrs 20 24 

















Fib. = fibrillation; LV = left ventricular. 


Table II) may have been prevented if balloons on small- 
er catheter shafts had been available. 

Aortic regurgitation occurred in 1096 of the children, 
a figure less than that reported by others.*./0.!! Mild to 
moderate aortic regurgitation has been reported in 10 to 
28% of patients after surgical valvotomy.?9?7 Although 
the mechanism by which balloon valvuloplasty produces 
aortic regurgitation has not been clearly defined, perfo- 
ration of an aortic valve leaflet and avulsion of cusp 
tissue from the anulus were observed in 2 of the infants 
who died (nos. 2 and 3, Table II). We observed a rela- 
tion between the ratio of balloon/anulus size and both 


[2 PRE-BALLOON 
Ø POST BALLOON 


CARDIAC INDEX (L/min/m2) 


AGE AT VALVULOPLASTY 
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Number of Patients 
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07 831116 7-12 | 1-2 34 5-9 
Years 


Days Months 


FIGURE 4. The distribution of balloon aortic valvuloplasty com 


occurred in children «1 month of age. 


the presence and severity of aortic regurgitation; the in- 
cidence of aortic regurgitation might be reduced by us- 
ing smaller balloons. 

Femoral artery thrombosis, damage or both oc- 
curred in 1296 of the children, and was most common in 
children under 1 year of age. Femoral artery patency 
was restored either with medical (heparin, streptokinase 
or urokinase) or surgical therapy in the majority of in- 


BALLOON /ANNULUS SIZE 


MILD MOD-SEVERE 


POST VALVULOPLASTY INCREASE IN AR 


FIGURE 5. The relation between the ratio of valvuloplasty 
balloon size to aortic anulus size and development of aortic 
regurgitation (AR) after balloon valvuloplasty. All values 
are mean + standard error of the mean. MOD-SEVERE = 
moderate to severe. 
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plication rate by age. The highest incidence of complications 


[] No Complication 


=] Complication 





10-14 1520 >20 








stances (80% of the time). Since the development of 
femoral artery damage was significantly related to both 
patient age and balloon/anulus ratio, the incidence of 
this complication may be significantly reduced by the 
development of new catheters with a smaller shaft size 
and a lower balloon profile. 

Study limitations: Two major limitations exist. First, 
since the VACA Registry only collected data on the 
acute response to aortic balloon valvuloplasty, we have 
no information to document the long-term efficacy of 
this procedure. However, based on the reported experi- 
ence of others,’-!!:!4 all of whose patients are included 
in this report, one can postulate that gradient reduction 
is likely for at least 1 year. To document the true long- 
term efficacy of aortic balloon valvuloplasty a multicen- 
ter long-term follow-up study, including repeat cathe- 
terization, will be necessary. 

The second limitation is that no attempt was made 
by the registry to standardize the methods used to per- 
form the valvuloplasty; thus, only limited conclusions 
can be made concerning the technical aspects of the val- 
vuloplasty procedure. In children in whom a single val- 
vuloplasty balloon was used (balloon/anulus ratio of 
0.56 to 1.5), no relation was noted between balloon / 
anulus ratio and aortic stenosis gradient reduction. 
Since the complications of aortic regurgitation and fem- 
oral artery injury appear to relate to balloon/anulus ra- 
tio and since Helgason et al!! have shown that a bal- 
loon/anulus ratio of >1.2 produced damage to aortic 
valve leaflets, mitral valve leaflets and intraventricular 
septum in normal lambs, a balloon/anulus ratio of <1 
should be used. 

Clinical implications: These data suggest that percu- 
taneous balloon valvuloplasty provides effective acute 
relief of valvar aortic stenosis in both infants (21 week 
of age) and children. Significant complications of the 
valvuloplasty procedure included death, aortic regurgi- 








tation and femoral artery thrombosis or damage. These 
complications, however, appeared to be uncommon if 
valvuloplasty was performed on children older than 1 
month of age, and if the balloon/anulus size ratio was 
<1.0. Long-term follow-up data should be collected be- 
fore percutaneous balloon valvuloplasty can be estab- 
lished as treatment of choice for children with valvar 
aortic stenosis. 
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Serwer, MD, for assistance in the analysis of the data. 
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Balloon Angioplasty for the Treatment of Native 
Coarctation: Results of Valvuloplasty and 
Angioplasty of Congenital Anomalies Registry 


Michael Tynan, MD, John P. Finley, MD, Vilmir Fontes, MD, John Hess, MD, 
and Jean Kan, MD 





Data on dilation of 141 native coarctation proce- 
dures in 140 patients between 3 days and 29 years 
of age were submitted to the Valvuloplasty and 
Angioplasty of Congenital Anomalies (VACA) Reg- 
istry. Fifteen patients were <4 weeks old, 15 
between 1 month and 12 months old and 110 
patients over 1 year old. The immediate results 
confirmed that native coarctations could be effec- 
tively dilated in both infants and older children. The 
data do not support any conclusions concerning 
balloon size relative to results or complications. 
There were 24 complications (17%) reported with 
1 death after 3 days and after intervening surgery 
in an infant with associated persistent ductus arter- 
iosus. There were 2 early and 6 late *aneurysms" 
reported after the coarctation dilations with insuffi- 
cient immediate and no long-term information 
about the significance of these. The VACA Registry 
data suggest that dilation of native coarctations can 
be performed effectively and relatively safely but 
do not answer whether this procedure should be 
performed. 

(Am J Cardiol 1990;65:790-792) 
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imental coarctation of the aorta in animals, to- 

gether with similar studies on dilation of postmor- 
tem and recently excised human aortic coarctation,>- 
balloon dilation for coarctation became feasible. How- 
ever, this and subsequent work showed that arterial di- 
lation is achieved at the expense of damage to the inti- 
ma and media.^? Early results in infants and children 
were disappointing? but some groups persisted in its 
use.”™-!! Controversy continues concerning the place of 
balloon angioplasty in the treatment of this lesion.'? 
Some have advocated it,!’ while others have felt that 
the risks conveyed by the inevitable vascular damage 
precluded its use in most instances. The role of the Val- 
vuloplasty and Angioplasty of Congenital Anomalies 
(VACA) Registry was to accumulate data from those 
who use dilation for treatment of native aortic coarcta- 
tion in the hope that the risks and benefits of this ap- 
proach might emerge. 


S ince the early work on balloon dilation of exper- 


METHODS 

The data requested were the date of the procedure, 
the patient’s date of birth, systolic pressures proximal 
and distal to the coarctation before and after angio- 
plasty, coarctation diameter before and after angio- 
plasty and balloon diameter used. A comment on the 
occurrence and type of complications was requested as 
well as a comment on instances of balloon rupture. Any 
other pertinent comments were encouraged. When no 
complications were reported, we assumed that none had 
occurred. 

Unless otherwise stated, the data are presented as 
mean + 1 standard deviation. Statistical analysis was 
by Student t test and analysis of variance, the null hy- 
pothesis being retained when p >0.05. 


RESULTS 

Reports were received on 141 procedures in 140 pa- 
tients. Full data were available in 92 procedures. Fail- 
ures to report data were no date of birth in 29, no pres- 
sure data after dilation in 1, no pressure data before or 
after dilation in 12, no coarctation diameter before dila- 
tion in 4, no coarctation diameter after dilation in 4 and 
no coarctation diameter before or after dilation in 39. 
Twelve patients had no reported data concerning the 
pressures or diameters of the coarctation site before or 
after dilation. 

Ages ranged from 3 days to 29 years. Fifteen were 
under 28 days of age and another 15 were aged between 
29 days and 12 months. 
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y 





Pressure gradients across the coarctation before and 
after the dilation were reported in 126 procedures (Ta- 
ble I). The mean gradient before angioplasty was 48 + 
18.6 mm Hg, and after angioplasty it was 12 + 11.3 
mm Hg. In the subgroup aged <1 month, gradients be- 
fore and after the procedure were available in 13 of the 
15 and were 37 + 23.4 and 7 + 5.8 mm Hg, respective- 
ly. In the 14 of 15 patients from the subgroup aged 1 
month to 1 year, these data were reported as 58 + 25.1 
mm Hg before and 16 + 13.6 mm Hg after angioplasty. 

Balloon angioplasty eliminated the gradient in 23 in- 
stances; 1 patient was <1 month of age and 2 were be- 
tween 1 month and 1 year old. Trivial residual pressure 
gradients, 1 to 5 mm Hg, were present in a further 27, 5 
of whom were under 1 month and 2 between 1 month 
and 1 year of age. In 35 patients, 3 under 1 month and 
l between 1 and 12 months of age, the residual gradient 
was 6 to 10 mm Hg. Gradients of 11 to 20 mm Hg 
persisted in 24 patients, of whom 6 were <1 month and 
6 between 1 and 12 months of age. The pressure gradi- 
ent after angioplasty was >20 mm Hg in 17 patients, 
none of whom was under 1 month and 4 of whom were 
between 1 and 12 months of age. In 6 of this last group 
of 17, no significant reduction in pressure gradient oc- 
curred (a decrease of <5 mm Hg). All 17 were older 
than 1 year. Of these 126 patients, the systolic pressure 
proximal to the coarctation was above the 95th percen- 
tile for age in 88 and below the 95th percentile in only 
25. The pressure proximal to the coarctation increased 
above the 95th percentile after the procedure in 5 pa- 
tients. 

Measurements of coarctation diameter before and 
after angioplasty were reported for 93 procedures (Ta- 
ble I). The mean diameter before angioplasty was 3.9 + 
2.2 mm; after the procedure it was 8.8 + 3.8 mm. The 
mean percentage increase in diameter was 148 + 83%, 
and the range of diameter increase was from —12.5 to 
400%. 

Diameters before and after angioplasty were avail- 
able in 9 of the 15 patients under 1 month of age. Mean 
values were 2 + 0.6 and 4.1 + 0.7 mm. Data were avail- 
able in 10 of 15 patients from 1 month to 1 year. Mean 
values were 2.2 + 0.8 mm before and 5.1 + 1.5 mm 
after the procedure. 

No increase in coarctation diameter occurred in only 
2 of the 93. The measured diameter had decreased after 
the angioplasty in 1. Neither of these 2 was under 1 
year of age. 

The diameters of the balloons used varied widely. 
When expressed as a ratio of the balloon to coarctation 
diameter, the smallest ratio was 1.1:1 and the largest 
was 5.5:1. The mean ratio of balloon to coarctation di- 
ameter was 3.1 + 1. The relation of balloon diameter to 
outcome is not clear. The mean balloon to coarctation 
diameter ratio in the grouped residual pressure gradient 
sets is listed in Table II. The variation between the 
groups is not systematic. When these data are compared 
between the group with unequivocal success (i.e., no re- 
sidual pressure gradient) and the group in whom the 
procedure can be judged to have failed, the latter group 
had significantly smaller balloon sizes used for the pro- 
cedure. 


TABLE I Pressure Gradients Across the Coarctation and 
Diameters of the Coarcted Segment Before and After Balloon 
Angioplasty 


Pressure Gradient Coarctation Diameter 
(mm Hg) (mm) 


No. 
Before 
After 

P value 


Values are mean + standard deviation. 





TABLE Il Grouped Data of Residual Pressure Gradients and 
the Ratio of Balloon Diameter to Coarctation Diameter in 
Each Group 


Residual Pressure 
Gradient (mm Hg) 


Balloon /Coarctation 
Diameter Ratio 


3.0 + 0.74 
3.2 3-1.15 
2.9 + 0.86 
2.8 + 1.05 
3.9 + 0.89 


Values are mean + standard deviation. 





Complications were reported in 24 procedures. Four- 
teen of these were related to the femoral arterial punc- 
ture. In 6 of these cases, intimal dissection was reported, 
1 of which resulted in long-term reduction in the volume 
of both femoral pulses. 

Femoral artery thrombosis was reported in 1 case, 
which received surgical repair. It was suspected in 1 ad- 
ditional case. Two cases had transient loss of the femo- 
ral pulse, which responded to heparinization. One other 
case required surgical repair and another case received 
no treatment. Prolonged bleeding from the puncture site 
was reported in 2 cases. One of these required transfu- 
sion, which included fresh frozen plasma. This child, 
aged 8 days at the time of the angioplasty, died 3 weeks 
later. This is the only reported death in this series and is 
the only report of a local femoral arterial complication 
in a patient <1 year of age. 

Other complications included 1 patient who was re- 
ferred for surgical correction of the coarctation and 1 
patient who required resuscitation immediately after the 
angioplasty. This infant was referred for ligation of a 
persistent ductus arteriosus. This patient, aged 5 days, is 
the only other child under 1 year to have had a compli- 
cation reported. 

Aneurysms at the coarctation site were reported im- 
mediately after dilation in 1 patient. A second report of 
an early suspected aneurysm was also made. Late aneu- 
rysms at the site of coarctation were reported in 6 chil- 
dren, all over the age of 4 years. All 6 were repaired 
surgically. The mean balloon to coarctation diameter 
ratio in the children reported to have aneurysms was 
2i 13b 49. 


DISCUSSION 

The results presented are limited by the incomplete- 
ness of the data. However, the significant decrease in 
pressure gradient across the coarctation site and the sig- 
nificant increase in diameter of the coarcted segment 
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show that balloon angioplasty can be effective in this 
malformation. It seems equally applicable to young in- 
fants and older patients. Results, however, were not uni- 
form. Residual pressure gradients varied widely; in 63 
(50% of those where data were reported) the gradient 
was <10 mm Hg and thus was acceptable; but in 23 
(18%) it was >20 mm Hg. Acceptability of the result- 
ing diameter of the coarcted segment is impossible to 
assess but in 2 cases it did not increase at all. Thus, 
while these data demonstrate that balloon angioplasty 
can be effective in aortic coarctation, they also demon- 
strate that the outcome is unpredictable. Although the 
group is small, the results obtained in the neonates ar- 
gue against the earlier discouraging results reported in 
young infants® and suggest that this technique may 
have a role in selected patients in this age group. 

With regard to the technique used, the only informa- 
tion requested was related to the size of the balloon 
used. No general pattern emerged. The smallest balloon 
had a diameter just greater than the coarctation; the 
largest was 5.5 times the diameter of the coarctation. In 
general, diameters chosen exceeded those of the coarc- 
tations by a factor of 2 to 4. No clear relation was dem- 
onstrated between balloon size and success in terms of 
the magnitude of the pressure gradient after the proce- 
dure. Thus, no guidelines emerged as to the optimal size 
of the balloon to be used. 

Complications were reported associated with 24 pro- 
cedures, a complication rate of 17%. The majority were 
related to the arterial puncture and in most cases led to 
no major sequelae. However, 1 neonate who suffered 
such a complication died after an interval of 3 weeks. 
The cause of death was not reported. 

Major complications, including the need for surgery 
to repair the coarctation in 1 case, were reported in as- 
sociation with 10 procedures. Aneurysms were con- 
firmed in 7 children and suspected in 1, an incidence of 
5 to 6%. Six of the aneurysms were only found at late 
follow-up and all 6 were repaired surgically. No techni- 
cal reason for the aneurysm formation was found since 
the balloon to coarctation diameter ratio was certainly 
no greater in those who developed aneurysms than in 
those who did not. Others have reported this complica- 
tion. Wren et al!^ related the 2 aneurysms in their 15 
patients to the use of large balloons. They state that in 
both affected cases, the balloon used was more than 3.8 
times the diameter of the coarctation. In the VACA 
series, aneurysms occurred in 5 patients where the bal- 
loon was <3 times the coarctation diameter. This com- 
plication does not seem to be related to balloon size 
alone.'® It may be related to the technique. In addition 
to the known arterial damage inflicted by angioplasty, a 
further contributory factor may be associated aortic 
cystic medial necrosis, which has been demonstrated in 
all of a series of 31 surgical specimens of coarctation, 
where it was judged to be severe in 66% of the pa- 
tients." Additionally, case selection may be important. 
In an anatomic study of coarctation in early infancy, 
aneurysm formation would be expected in approximate- 
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ly 33% of patients because the waist lesion comprising 
the coarctation involved all 3 layers of the aorta.'® A 
further cause for concern is that most aneurysms ap- 
peared late after angioplasty; thus, the true incidence of 
this complication has not yet declared itself. At present, 
the natural history of these aneurysms is not known al- 
though deaths have been reported in association with 
aneurysm after surgery.!? 

Only 1 death was reported in this series. This sug- 
gests that in the short-term, the technique is relatively 
safe. Also, these results suggest that balloon angioplasty 
is as applicable to newborns and young infants as it is to 
older age groups, where it has already gained consider- 
able support.^!'!? But the occurrence of aneurysms, 
their late appearances and our inability to identify an 
avoidable technical cause call for caution in the applica- 
tion of this form of treatment for aortic coarctation. 
The question remains not can it be done, but should it 
be done?! 
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Brief Summary 
Consult full prescribing information before using. 


INDICATIONS AND USAGE: ACTIVASE* is indicated for use in the management of acute myocardial 
infarction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 
size, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
tive heart failure and the reduction of mortality associated with AMI. Treatment should be initiated as 
soon as possible after the onset of AMI symptoms. 

CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE^ 
is contraindicated in the following situations: * Active internal bleeding * History of cerebrovascu- 
lar accident + Recent (within two months) intracranial or intraspinal surgery or trauma (see 
WARNINGS) * Intracranial neoplasm, arteriovenous malformation, or aneurysm + Known bleeding 
diathesis - Severe uncontrolled hypertension. 

WARNINGS: Bleeding The most common complication encountered during ACTIVASE® therapy is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed Sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

Concomitant use of heparin anticoagulation may contribute to bleeding. Some hemorrhagic episodes 
occurred one or more days after the effects of ACTIVASE* had dissipated, but while heparin therapy 
was continuing. 

_ As fibrin is lysed during ACTIVASE® therapy, bleeding from recent puncture sites may occur. 
Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including sites 
of catheter insertion, arterial and venous puncture, cutdown and needle puncture). 


m» Intramuscular injections and nonessential handling of the patient should be avoided during treatment 


with ACTIVASE* Venipunctures should be performed carefully and only as required. 

Should an arterial puncture be necessary during an infusion of ACTIVASE* it is preferable to use an 
upper extremity vessel accessible to manual compression. Pressure should be applied for at least 30 
minutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 

Should serious bleeding fact controllable by local pressure) occur, the infusion of ACTIVASE® and 
any concomitant heparin should be terminated immediately. 

Each patient being considered for therapy with ACTIVASE® should be carefully evaluated and antici- 
pated benefits weighed against potential risks associated with therapy. 

In the following conditions, the risks of ACTIVASE* therapy may be increased and should be weighed 
against the anticipated benefits: « Recent (within 10 days) major surgery, obstetrical delivery, organ 
biopsy, previous puncture of noncompressible vessels * Cerebrovascular disease * Recent (within 10 
days) gastrointestinal or genitourinary bleeding * Recent (within 10 days) trauma * Hypertension: 
systolic BP 180 mm Hg and/or diastolic BP=110 mm Hg * High likelihood of left heart thrombus, e.g., 
mitral stenosis with atrial fibrillation + Acute pericarditis « Subacute bacterial endocarditis « Hemostatic 
defects including those secondary to severe hepatic or renal disease + Significant liver dysfunction + 
Pregnancy * Diabetic hemorrhagic retinopathy, or other hemorrhagic ophthalmic conditions * Septic 
thrombophlebitis or occluded AV cannula at seriously infected site + Advanced age, i.e., over 75 years 
old + Patients currently receiving oral anticoagulants + Any other condition in which bleeding constitutes 
a significant hazard or would be particularly difficult to manage because of its location. 

Arrhythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
arrhythmias are not different from those often seen in the ordinary course of AMI and may be managed 
with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when infusions of ACTIVASE® are administered. 
PRECAUTIONS: General Standard management of MI should be implemented concomitantly with 
ACTIVASE* treatment. Noncompressible arterial puncture must be avoided. Arterial and venous punc- 
tures should be minimized. In the event of serious bleeding, ACTIVASE* and heparin should be 
discontinued immediately. Heparin effects can be reversed by protamine. 

Readministration There is no experience with readministration of ACTIVASE® If anaphylactoid reaction 
occurs, infusion should be discontinued immediately and appropriate therapy initiated. 

Although sustained antibody formation in patients receiving one dose of ACTIVASE* has not been 
documented, readministration should be undertaken with caution. 

-Laboratory Tests During ACTIVASE* therapy, results of coagulation tests and/or measures of fibrino- 
lytic activity may be unreliable unléss specific precautions are taken to prevent in vitro artifacts. 


r ACTIVASE* is an enzyme that when present in blood in pharmacologic concentrations remains active 


under in vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 
analysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL) can to some 
extent mitigate this phenomenon. 
Drug Interactions The interaction of ACTIVASE* with other cardioactive drugs has not been studied. In 
addition to bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function 
may increase the risk of bleeding if administered prior to, during or after ACTIVASE® therapy. 
Use of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
ACTIVASE* to reduce the risk of rethrombosis. Because either heparin or ACTIVASE* alone may cause 
bleeding complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 
Pregnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE* It is 
also not known whether ACTIVASE* can cause fetal harm when administered to a pregnant woman 
or can affect reproduction capacity. ACTIVASE* should be given to a pregnant woman only if 
clearly needed. 
Pediatric Use Safety and effectiveness of ACTIVASE® in children has not been established. 
Carcinogenesis, Mutagenesis, Impairment of Fertility Long-term studies in animals have not been 
performed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 
evaluated tumorigenicity of ACTIVASE* and effect on tumor metastases in rodents, were negative. 
Studies to determine mutagenicity (Ames test) and chromosomal aberration assays in human 
lymphocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 
in mitotic index, was evidenced only after prolonged exposure and only at the highest concentra- 
tions tested. 
Nursing Mothers it is not known whether ACTIVASE* is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when ACTIVASE® is administered to a 
nursing woman. 
ADVERSE REACTIONS: Bleeding The most frequent adverse reaction associated with ACTIVASE® is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 
The following incidence of significant internal bleeding (estimated as>250 cc blood loss) has been 
reported in studies in over 800 patients treated at all doses: 


Total Dose = 100 mg Total Dose > 100 mg 


gastrointestinal 5% 5% 
genitourinary 4% 4% 
ecchymosis 1% <1% 
retroperitoneal <1% <1% 
epistaxis <1% <1% 
gingival <1% <1% 


ACTIVASE 


The incidence of intracranial bleeding in patients treated with ACTIVASE® Alteplase, recombinant, is as follows: 


Dose Number of Patients h. 
100 mg 3272 0.4 
150 mg 1779 1.3 
1-14 mg/kg 237 04. 





These data indicate that a dose of 150 mg of ACTIVASE® should not be used because it has been 
associated with an increase in intracranial bleeding. 

Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo controlled 
trials}? is not signficantly different in the ACTIVASE* treated patients compared to those treated with 
placebo (37/3161, 1.2% versus 27/3092, 0.9%, respectively) (p = 0.26). ym 

Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitoneal, péricar- 
dial) occur, ACTIVASE* therapy should be discontinued immediately, along with any concomitant 
therapy with heparin. 

Fibrin, which is part of the hemostatic plug formed at needle puncture sites, will bé lysed during 
ACTIVASE" therapy. Therefore, ACTIVASE* therapy requires careful attention to potential bleeding sites. 
Allergic Reactions No serious or life-threatening allergic reactions have been reported. Other mild 
hypersensitivity reactions such as urticaria have been observed occasionally. ^ 
Other Adverse Reactions Other adverse reactions have been reported, principally nausea and/or 
vomiting, hypotension, and fever. These reactions are frequent sequelae of MI and may or may not be 
attributable to ACTIVASE* therapy. i 


DOSAGE AND ADMINISTRATION: Administer ACTIVASE® as soon as possible after the onset 
of symptoms. 
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. A DOSE OF 150 MG OF ACTIVASE® SHOULD NOT BE USED BECAUSE IT HAS BEEN ASSOCIATED 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. N 

Although the use of anticoagulants and antiplatelet drugs during and following administration of 
ACTIVASE* has not been shown to be of unequivocal benefit, heparin has been administered concomi- 
tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamole have been given 
either during and/or following heparin treatment. SON es 
Reconstitution and Dilution DO NOT USE IF VACUUM IS NOT PRESENT. i 

ACTIVASE® should be reconstituted by aseptically adding the appropriate volume of the accompany- 
ing Sterile Water for Injection, USP to the vial. It is important that ACTIVASE® be reconstituted only with 
Sterile Water for Injection, USP without preservatives. Do not use Bacteriostatic Water for Injection, 
USP The reconstituted preparation results in a colorless to pale yellow transparent solution containing 
ri ey sag mg/mL at approximately pH 73. The osmolality of this solution is approximately 

mOsm/kg. 

Because ACTIVASE® contains no antibacterial preservatives, it should be reconstituted immediately 
before use. The solution may be used for intravenous administration within 8 hours following reconsti- 
tution when stored between 2-30°C. Before further dilution or administration, the product should be 
visually inspected for particulate matter and discoloration prior to administration whenever solution and 
container permit. * 

ACTIVASE® is stable for up to 8 hours in these solutions at room temperature. Exposure to light has 
no effect on the stability of these solutions. Excessive agitation during dilution should be avoided; — 
mixing should be accomplished with gentle swirling and/or slow inversion. Do not use other infusion — 
solutions, e.g., Sterile Water for Injection, USP or preservative-containing solutions for further dilution, — 

No other medication should be added to infusion solutions containing ACTIVASE* Any unused 
infusion solution should be discarded. NEN MU 
HOW SUPPLIED: ACTIVASE* is supplied as a sterile, lyophilized powder in 20 mg and 50 mg vials 
containing vacuum, each packaged with diluent for reconstitution. . — CM 
Storage Store lyophilized ACTIVASE* at controlled room temperature not to exceed 30°C (86°F), or 
under refrigeration (2-8°C/36-46°F). Protect the lyophilized material during extended storage from 
excessive exposure to light. ! 

Do not use beyond the expiration date stamped on the vial. 

ACTIVASE® Alteplase, recombinant 
Manufactured by 

GENENTECH" INC. 

460 Point San Bruno Blvd. 

South San Francisco, CA 94080 
April, 1989 
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Balloon Angioplasty for Aortic Recoarctation: 
Results of Valvuloplasty and Angioplasty of 
Congenital Anomalies Registry 


William E. Hellenbrand, MD, Hugh D. Allen, MD, Richard J. Golinko, MD, Donald J. Hagler, MD, 
William Lutin, MD, PhD, and Jean Kan, MD 


Balloon angioplasty was performed in 200 patients 
with recoarctation of the aorta in a multicenter pro- 
spective study. The average age at the time of the 
procedure was 7.0 years (range 1 month to 26 
years). Systolic pressure (mean + standard devi- 
ation) in the ascending aorta decreased from 134.5 
+ 23.4 to 127.4 + 22.0 mm Hg. The descending 
aortic systolic pressure rose from 92.7 + 18.2 to 
114.1 + 21.6 mm Hg. Peak systolic pressure dif- 
ferences decreased from 41.9 + 19.6 to 13.3 + 
12.1 mm Hg. The diameter of the recurrent coarc- 
tation site increased from 5.2 + 2.9 to 8.9 + 3.4 
mm. After angioplasty residual pressure differ- 
ences of <20 mm Hg were found in 79.4% of the 
patients. 

Five patients died of complications related to the 
procedure (2.5%). Two deaths were directly relat- 
ed to the technical aspects of the procedure and 3 
patients died because of the severity of the underly- 
ing disease. One additional patient had a cerebro- 
vascular accident. Femoral artery complications 
occurred in 17 patients (8.5%) and 8 patients 
required surgical thrombectomy. 

Balloon angioplasty offers a satisfactory alter- 
native to surgery for recurrent coarctation; both 
results and complications compare favorably with 
surgical therapy. 

(Am J Cardiol 1990;65:793-797) 


From the Valvuloplasty and Angioplasty of Congenital Anomalies Reg- 


istry; Division of Pediatric Cardiology, Yale University School of Medi- 
cine, New Haven, Connecticut; University of Arizona, Tucson, Arizo- 
na; Mt. Sinai Medical Center, New York, New York; Mayo Clinic, 
Rochester, Minnesota; and Johns Hopkins Hospital, Baltimore, Mary- 
land. Manuscript received November 22, 1989, and accepted Novem- 
ber 28. 

Address for reprints: William E. Hellenbrand, MD, Division of 
Pediatric Cardiology, Yale University School of Medicine, 333 Cedar 
Street, New Haven, Connecticut 06510. 





ile surgical repair of coarctation of the aorta 
W has improved the prognosis for patients with 
this malformation, the long-term results after 
coarctation repair may not be completely satisfactory. 
A significant percentage of patients will encounter per- 
sistent or recurrent aortic obstruction at or near the pre- 
vious surgical site and many will require reoperation.!-? 
Published reports suggest that such reoperations may 
carry significant risk; mortality rates in various series 
range from 0 to 33%.!:10-13 With the advent of balloon 
angioplasty techniques, a nonsurgical method to relieve 
residual aortic obstruction became available. Previous 
studies evaluating the effectiveness of balloon angio- 
plasty for recoarctation have been limited by small pa- 
tient numbers.!4^- In this multicenter prospective study 
of balloon angioplasty for recurrent or residual coarcta- 
tion of the aorta, we address the questions of efficacy 
and safety of this transcatheter technique for the relief 
of aortic obstruction in 200 patients. 


METHODS 

Study patients: A prospective study of 200 consecu- 
tive patients with recurrent or residual aortic coarcta- 
tion followed in 26 institutions enrolled in the Valvulo- 
plasty and Angioplasty of Congenital Anomalies 
(VACA) Registry was performed. Hospital records, op- 
erative reports, catheterization data and angiograms 
were reviewed. Individual institutions recorded histori- 
cal data including type of previous surgery as reported 
in the hospital record and catheterization data including 
aortic pressure proximal and distal to the residual co- 
arctation, both before and after balloon angioplasty. 
Angiographic data included measurements of the aorta 
immediately proximal to, distal to and at the coarcta- 
tion site both before and after angioplasty. Institutions 
reported catheter size, balloon diameter and length and 
balloon inflation pressure in psi or atmospheres. The in- 
cidence of balloon rupture and whether this was circum- 
ferential or longitudinal and other complications were 
reported for each patient. Each institution applied its 
own indications and catheter selection criteria for angio- 
plasty. 

Statistical analysis: Statistical significance was as- 
sessed with the ¢ test for paired observations and analy- 
sis of variance. All variables evaluated by ż test were 
first shown to be normally distributed by the Kolmog- 
orov Smirnoff test. Values are expressed as mean and 
standard deviation. Variables were correlated against 
outcome using the Spearman rank correlation or Pear- 
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son’s correlation coefficient. Evaluation of ages in the 3 
outcome groups was performed with the Kruskal-Wallis 
nonparametric multiple comparisons test because of 
high asymmetry observed in the distribution of ages. 


RESULTS 

Clinical profile: Age at the time of initial operation 
varied from 1 day to 15 years (mean 1.9 years) (Table 
I). Ninety-three of the 200 patients were under 1 year 
of age (73 under 2 months of age). At the time of angi- 
oplasty the patients’ ages varied from 1 month to 26 
years (mean 7.0 years). Forty-six underwent angio- 
plasty under 1 year of age, 43 between 1 and 5 years, 
109 between 5 and 26 years of age and the age was 
unknown in 2 patients. The interval between initial sur- 
gery and angioplasty varied from 45 days to 20 years 
(mean 5.4 years). 

Eighty-four patients had undergone an end-to-end 
aortic anastomosis as their initial surgical technique. 
Forty-eight patients had had an initial subclavian artery 
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flap angioplasty, 40 patients had undergone synthetic 
patch angioplasty, 12 patients had previously undergone 
stage I Norwood procedures and 4 had had tubular con- 
duit interpositions. The initial form of surgery was un- 
known in the 12 remaining patients. 

Response to therapy: Pressure data before and after 
angioplasty were available for 190 patients (Table II). 
Peak systolic blood pressure in the ascending aorta was 
134.5 + 23.4 mm Hg and decreased to 127.4 + 22.0 
mm Hg (p <0.001) after angioplasty. The descending 
aortic peak systolic blood pressure rose after angioplasty 
from 92.7 + 18.2 to 114.1 + 21.6 mm Hg (p <0.0001). 
The peak pressure difference across the coarctation site 
was decreased by angioplasty from 41.9 + 19.6 to 13.3 
+ 12.1 mm Hg (p <0.0001). Angioplasty increased the 
angiographic diameter of the aoric coarctation from 5.2 
+ 2.9 to 8.9 + 3.4 mm (p <0.0001). Significant relief 
of pressure gradient was attained regardless of the type 
of previous surgery, with the most dramatic results ob- 
tained in the small group of patients who had previously 
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FIGURE 1. Systolic pressure differences across recurrent aortic coarctation (mean + standard deviation) before and after 
angioplasty, grouped according to type of initial surgical procedure. All groups showed a significant difference after 


balloon angioplasty. *p <0.001. 
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FIGURE 2. Diameter of recurrent coarctation site (mean + standard deviation) in millimeters before and after angioplasty 
grouped according to type of initial surgical procedure. All groups showed a significant difference. *p «0.0001. 
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TABLE I Baseline Clinical Profile in 200 Patients Undergoing 
Angioplasty for Recoarctation 


1.9 yrs (range 1 day to 15 years) 

84 End-to-end anastomosis 

48 Subclavian flap 

40 Synthetic patch angioplasty 

4 Conduit interposition 

12 Norwood procedure 

7.0 yrs (range 1 month to 26 
years) 

Time interval between surgery 5.4 years > (range 45 days to 20 
and angioplasty years) 


Age at initial operation 
Type of original operation 


Age at angioplasty 


TABLE Il Hemodynamic and Angiographic Parameters 
Before and After Balloon Angioplasty 


Before After p Value 


Ascending aorta 134.5423.4 12744220 <0.0001 
peak systolic pressure 
(mm Hg) 

Descending aorta 
peak systolic pressure 
(mm Hg) 

Pressure difference 
(mm Hg) 

Coarctation diameter 


(mm) 


92.7 +18.2 11414216 «0.0001 


41.94+19.6 13.3412.1 <0.0001 


5.2 d 2:9 8.9 + 3.4 <0.0001 


Data are mean + standard deviation. 





undergone a stage I Norwood procedure (Figure 1). Co- 
arctation diameters were significantly increased regard- 
less of the form of previous surgery (Figure 2). The ra- 
tio of balloon diameter to diameter of the coarctation 
site ranged from 0.83 to 6.67 (mean 2.69). This ratio 
and the ratio of balloon diameter to aortic diameter 
both proximal and distal to the coarctation site did not 
correlate with results. In addition, no correlation was 
found between adequacy of angioplasty and inflation 
pressure of the balloon, age at initial surgery or the time 
interval between surgery and angioplasty. 

For the purposes of this study, we have chosen to 
classify results as excellent (residual gradient <10 mm 
Hg), good (residual gradient between 11 and 20 mm 
Hg) and fair to poor (residual gradient >21 mm Hg). 
Ninety-five patients (50%) had an excellent result. Fif- 
ty-four (28.4%) had a good result and 41 patients 
(21.6%) had fair to poor results. The average age of the 
patients who had an excellent result, with residual pres- 
sure differences of <10 mm Hg, was significantly less 
than those who had a residual pressure difference of 
>11 mm Hg (Figure 3). Age at angioplasty was in- 
versely related to adequacy of angioplasty results. 

Complications: Five deaths (2.5%) were associated 
with aortic angioplasty for recurrent coarctation. One of 
these was secondary to acute aortic rupture at the time 
of balloon inflation (Table III). At necropsy a trans- 
mural aortic rupture was found, with surprisingly little 
scar tissue surrounding the previous surgical site. Two 
patients died suddenly 6 and 14 hours after the cathe- 
terization procedure. One of the patients collapsed while 
standing to void 6 hours after an uncomplicated proce- 


TABLE Ill Complications During Angioplasty for Aortic 
Recoarctation 


Comments 


Type Frequency 


19 (9.5%) 3 developed femoral 


artery thrombosis 


Balloon rupture 


17 (8.5%) 
11 (5.5%) 


Femoral artery complications 
Thrombosis 8 required surgery 

2 streptokinase 

1 resolved sponta- 
neously 

3 heparin 

3 resolved sponta- 
neously 

1 aortic rupture 

2 sudden death 6 
and 14 hours af- 
ter the procedure 

1 acute cerebral 
edema 

1 LV failure 36 hours 
after angioplasty 

3 resolved sponta- 
neously after 6 
hours 

1 required antihy- 
pertensive thera- 
py 

3 (1.596) 1 CVA-occlusion 
right middle cere- 
bral artery 

1 hemianopsia—re- 
solved within 12 
hours 

1 headaches with vi- 
sual complaints 
during angio- 
plasty, resolved 
spontaneously 

1 5 mm tear at co- 
arctation site— 
immediate surgi- 
cal repair 

2 small intimal tears 
at coarctation 
site—no surgery 
performed 


CVA = cerebrovascular accident; LV = left ventricular.. 


Diminished pulses 6 (3.096) 


Death 5 (2.5%) 


Postcoarctectomy syndrome 4 (2.096) 


Neurologic event 


Intimal dissection 3 (1.596) 





dure. He was in ventricular fibrillation and could not be 
resuscitated. Necropsy showed no rupture at the angio- 
plasty site. There was persistent narrowing at the suture 
line despite a decrease in pressure drop across the resid- 
ual coarctation from 54 to 16 mm Hg. Endocardial fi- 
broelastosis and hypertrophy of the left ventricle was 
noted. The second patient had a sudden cardiac arrest 
and died 14 hours after catheterization. Pressure drop 
across the residual coarctation had been decreased from 
55 to 30 mm Hg. One patient died of acute cerebral 
edema following a cerebrovascular accident that oc- 
curred at the time of the procedure.? At necropsy a 
hemorrhagic cerebral infarction was found and attribut- 
ed to obstruction of the left carotid artery during bal- 
loon inflation and a hypoplastic left posterior communi- 
cating artery of the circle of Willis not allowing collat- 
eral flow to the left middle cerebral artery. That child 
had complete relief of a preangioplasty peak systolic 
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pressure difference of 80 mm Hg. The last death oc- 
curred 36 hours after emergency angioplasty, which was 
performed due to severe left ventricular failure. The pa- 
tient died in persistent low cardiac output despite reduc- 
tion of pressure difference from 35 to 13 mm Hg and an 
increase in coarctation dimension from 2.3 to 6.4 mm. 

Neurologic complications occurred in 3 (1.596) addi- 
tional patients. One patient sustained a1 occlusion of 
the right middle cerebral artery during àe 2: ^ioplasty 
procedure and became acutely hemipleg'c. no time 
did the balloon portion of the catheter ent. the right 
carotid artery, but a Teflon-coated guidewire that was 
passed through the catheter entered and remained with- 
in the right carotid artery throughout the procedure. 
One patient developed transient hemianopsia 12 hours 
after the procedure. The hemianopsia resolved com- 
pletely. Another patient developed headache with visual 
complaints during the angioplasty procedure with spon- 
taneous complete resolution. 

Four patients (2.0%) had postcoarctectomy syn- 
drome with significant hypertension. In three of these 
patients hypertension resolved spontaneously within 6 
hours. One patient required therapy with sodium nitro- 
prusside and 8 blockers. Residual hypertension in this 
patient was treated with metoprolol, spironolactone and 
chlorthiazide. This patient's coarctation gradient was 
decreased from 40 to 15 mm Hg by angioplasty. 

Seventeen (8.5%) femoral artery complications oc- 
curred. These included 11 femoral artery thromboses. 
Eight of these required surgical thrombectomy, 2 re- 
solved with streptokinase therapy and 1 resolved sponta- 
neously. Six patients had diminished femoral pulses. 
Three of these resolved spontaneously and 3 required 
heparin therapy. No limbs were lost or permanently dis- 
abled. 

Nineteen patients (9.5%) experienced rupture of the 
angioplasty balloon during peak inflation. Three of 
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to 20 or >20 mm Hg was significantly greater than the age of 
the group whose residual pressure difference was <10 mm 
Hg. *p <0.025. 
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these patients (16.0%) developed femoral artery throm- 
boses. Two of these thromboses occurred in the group of 
3 patients in whom the balloon sustained a circumferen- 
tial rather than a longitudinal tear. 

Three patients (1.5%) developed intimal dissection 
at the dilation site that was diagnosed angiographically 
after balloon angioplasty. In two of these small intimal 
tears were diagnosed with no surgery required. In 1 pa- 
tient a 5 mm tear at the coarctation site underwent im- 
mediate surgical repair. 


DISCUSSION 

The long-term results of coarctation repair are often 
disappointing due to a high incidence of recurrent or 
residual aortic coarctation.-^5? A number of recent 
studies have suggested that recurrent coarctation may 
relate to the age at which the initial repair is per- 
formed.^9? The finding of a higher incidence of recur- 
rent coarctation among patients who have undergone 
repair in infancy suggests that the pathogenesis is fre- 
quently related to either inadequate anastomotic growth 
or inadequate resection of ductal tissue." While sur- 
geons continue to seek surgical procedures that will 
avoid recoarctation, current data suggest that recurrent 
obstruction occurs both in patients who undergo end-to- 
end anastomoses as well as those who undergo subclavi- 
an arterial patch aortoplasties.* Therefore, we can con- 
tinue to expect an incidence of residual or recurrent aor- 
tic coarctations, especially among patients undergoing 
such surgery in infancy. 

The current study demonstrated good to excellent 
relief of residual or recurrent aortic obstruction in 149 
(78.4%) of 190 patients, and suggests that aortic bal- 
loon angioplasty is a procedure that may provide excel- 
lent relief of obstruction with a low risk of mortality and 
morbidity. This initial success rate compares well with 
the reported incidence of recoarctation of 24 to 30% 
after a second operation.'.! .!? 

Some mortality (2.5%), however, was associated 
with this procedure. With the exception of a single case 
of aortic rupture leading to death and a cerebral edema 
associated with a stroke that occurred at the time of 
angioplasty, the mortality associated with this proce- 
dure appeared related to the underlying condition of the 
patient, rather than to a discrete mechanical complica- 
tion of the procedure. The mortality rate in this large 
series of patients compares quite favorably with surgical 
mortality rates reported recently.!9.!! 

The patient who had aortic rupture is of interest and 
concern. While some have been reluctant to perform an- 
gioplasty on “native” (previously unoperated) coarcta- 
tions, due to fear of aortic rupture or aneurysm forma- 
tion, less concern has been expressed about dilation in 
these postoperative patients. In the latter situation we 
have assumed that circumferential scar tissue will pre- 
vent aortic rupture and make aneurysm formation un- 
likely. The 1 case of fatal aortic rupture demonstrates 
that some patients may have a paucity of scar tissue, 
making them vulnerable to fatal aortic rupture. 

No neurologic complications involving the spinal 
cord were seen. Angioplasty offers the advantage of ex- 
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tremely brief periods of interruption of aortic flow with 
the inflated balloon, rather than more prolonged surgi- 
cal cross-clamping of the aorta in a setting in which 
previous surgery may well have interfered with collater- 
al circulation. The 2 patients with cerebrovascular acci- 
dents indicate that it is imperative to keep both the 
catheter and the wire out of the aortic arch branches 
and to keep inflation time to a minimum. Although the 
data for systemic heparinization are not available for 
this group of patients, we feel that all patients should 
receive heparin during balloon angioplasty. 

The most common complication of the procedure is 
rupture of the angioplasty balloon. This complication is 
related as well to the second most frequent complica- 
tion—femoral artery occlusion. This association is al- 
most certainly secondary to direct intimal trauma as the 
ruptured balloon is withdrawn from the femoral artery. 
The finding that 2 of the 3 balloons with circumferen- 
tial ruptures were associated with femoral arterial 
thrombosis relates to the particular difficulty of with- 
drawing these ruptured balloons from the femoral ar- 
tery. With further improvement in the size, contour and 
composition of angioplasty catheters and the use of ar- 
terial sheaths of acceptable size, such complications 
might be avoidable. 

While our data do not suggest any way of predicting 
potential success for this technique, they do suggest that 
better results seem to occur when angioplasty is per- 
formed at an earlier rather than a later age after residu- 
al or recurrent obstruction is found. 

The current study reports the results of balloon angi- 
oplasty for relief of residual/recurrent aortic coarcta- 
tion in a short-term study, with adequacy of relief 
judged on the basis of reduction in systolic pressure 
drop across the obstruction at the time of the angio- 
plasty and dilation of the area of narrowing measured 
immediately before and shortly after balloon dilation. 
Further longer-term follow-up studies are planned. 

On the basis of these data, we are cautiously opti- 
mistic that transcatheter aortic balloon angioplasty for 
relief of residual or recurrent aortic coarctation offers 
an acceptable alternative to repeat surgical repair. The 
balloon angioplasty procedure offers the significant ad- 
vantage of avoiding intubation, general anesthesia and 
repeat thoracotomy. It also minimizes blood loss and 
shortens the duration of hospitalization considerably. 
The potential savings in patient discomfort and mone- 


tary expenditures are very significant. The 2 late post- 
catheterization deaths suggest that bedrest and inclusive 
hospital observation for the day after aortic coarctation 
angioplasty are advisable. 
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Balloon Angioplasty-Branch Pulmonary Artery 
Stenosis: Results from the Valvuloplasty and 
Angioplasty of Congenital Anomalies Registry 


Jean S. Kan, MD, William J. Marvin, Jr., MD, John L. Bass, MD, Alexander J. Muster, MD, 
and John Murphy, MD 


Balloon angioplasty for branch pulmonary artery 
stenosis was reported from 27 institutions to the 
Valvuloplasty and Angioplasty of Congenital Anom- 
alies Registry. One hundred eighty-two procedures 
were performed in 156 patients ranging in age 
from 0.2 to 46.2 years (mean 7.7). Short-term 
angiographic appearance, hemodynamic results 
and immediate complications were recorded. Vessel 
dimension at the site of stenosis increased from 4.5 
+ 2.0 (mean + standard deviation) to 6.8 + 3.0 mm 
(p <0.001) with greater increases in vessel dimen- 
sion at the site of stenosis if the balloon diameter 
was >3 X the original dimension of the stenosis. 
There was no significant benefit related to age or 
prior surgical intervention. The mean peak systolic 
pressure gradient was reduced from 49 + 25 to 37 
+ 26 mm Hg (p <0.001) and pressure proximal to 
the stenosis decreased from 69 + 25 to 63 i 24 
mm Hg (p <0.001). Complications occurred in 21 
patients and included vessel rupture and death in 2 
patients, vessel perforation or rupture with survival 
in 3, cardiac arrest and death in 1, paradoxical em- 
bolism and death in 1 and low output and death in 
1. Balloon angioplasty for branch pulmonary artery 
stenosis increases vessel dimension at the site of 
stenosis, reduces systolic pressure gradient and to 
a minor degree, reduces proximal pressure. Long- 
term outcome and potential complications are as 
yet uncertain. 

(Am J Cardiol 1990;65:798-801) 
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isolated lesion or as a complication of congenital 

heart disease has been difficult to manage surgi- 
cally." ? Experimental? and clinical 7-!! studies showed 
that transluminal balloon angioplasty as an alternative 
to surgery resulted in short- and intermediate-term re- 
lief of obstruction in some patients with branch pulmo- 
nary artery stenosis. 

In order to evaluate the safety and efficacy of bal- 
loon angioplasty to treat branch pulmonary artery ste- 
nosis, data were collected from the Valvuloplasty and 
Angioplasty of Congenital Anomalies (VACA) Regis- 
try. 


B» pulmonary artery stenosis occurring as an 


METHODS 

This study presents the results of 182 balloon angio- 
plasty procedures for branch pulmonary artery stenosis 
performed in 156 patients. The angioplasty procedures 
were performed according to the protocol of each par- 
ticipating institution with independent review board ap- 
proval within each institution. Right pulmonary artery 
and left pulmonary artery dilations were performed in 
the same procedure in 25 patients. One patient had re- 
peat dilatation of the same pulmonary artery in a subse- 
quent procedure. One patient had previous balloon angi- 
oplasty of the stenotic vessel first felt to be successful, 
but with recurrent stenosis (initial procedure not includ- 
ed in the registry data). The patients ranged in age from 
0.2 to 46.3 years, mean age 7.7 + 6.2. 

Of the 182 procedures, prior surgical intervention 
(e.g., total correction tetralogy of Fallot, systemic-pul- 
monary artery shunt or reimplantation of pulmonary ar- 
tery) had taken place in 110 at the time of the balloon 
angioplasty. 

Primary diagnosis was given in 140 of the 156 pa- 
tients reported to the registry (Table I). In 110 patients 
(79%) the site of balloon dilation was a congenital ste- 
nosis of the pulmonary artery either in association with 
other abnormalities or occurring as a primary lesion. In 
30 patients (21%) the stenosis was at the site of a surgi- 
cal shunt or graft anastomosis. 

The initial dimension of the branch pulmonary ar- 
tery at the site of stenosis measured from the angio- 
graphic image was 4.6 + 2.2 mm (mean + standard 
deviation) (n [number of procedures for which data 
were submitted] = 150). Balloon diameter was 3.0 + 
1.3 (range 1 to 10) X the stenosis dimension (n = 142). 
Two side-by-side balloons were used in 1 patient. Bal- 


wm 





~ 


loon inflation pressure was 6 + 3 atmospheres (range 3 
to 40, n = 153). Pressure proximal to the stenosis was 
69 + 26 mm Hg (n = 159). Systolic pressure gradient 
across the stenosis was 50 + 26 mm Hg (n = 159). 

Of the 27 institutions participating in the VACA 
Registry the total number of pulmonary artery angio- 
plasty procedures reported/institution was the follow- 
ing: >50 dilations, 1 institution; 6 to 15 dilations, 9 in- 
stitutions; 1 to 5 dilations, 10 institutions; 0 dilations, 7 
institutions. 


RESULTS 

Vessel dimension: Pre- and postdilation vessel di- 
mensions were available for comparison in 122 of the 
182 procedures. Before balloon angioplasty vessel di- 
mension at the site of stenosis was 4.5 + 2.0 mm. After 
angioplasty vessel dimension increased to 6.8 + 3.0 mm 
(p <0.001). Postdilation vessel dimension was 0.6 + 0.2 
X the balloon diameter (range 0.2 to 1.1, n = 121). 

The effects of prior surgical intervention, age and 
balloon size are listed in Table II. Balloon diameter >3 
X the stenosis dimension resulted in an improved rela- 
tion of the postdilation vessel dimension and the predila- 
tion dimension. Use of larger balloons increased the di- 
mension of the stenosis to 2.3 X the initial value com- 
pared to that of smaller balloons which increased the 
dimension to only 1.4 X the initial value. No significant 
differences existed for prior surgical intervention or age. 

Systolic pressure gradient: In those procedures for 
which pre- and postdilation systolic pressure gradients 
were reported (n = 130), pressure gradient decreased 
from 49 + 25 to 37 + 26 mm Hg (p <0.001). Systolic 
pressure gradient decreased in 91 procedures, remained 
unchanged in 21 and increased in 18 after balloon dila- 
tion. No significant differences in the change in systolic 
pressure gradient were shown in relation to prior sur- 
gery, age or balloon size (Table III). 

Proximal pressure: For those procedures in which 
the proximal pressure was reported both before and af- 
ter balloon angioplasty (n = 138) the pressure proximal 
to the stenosis decreased from 69 + 25 to 63 + 24 mm 
Hg. 

Lung scan: Lung scan data before balloon angio- 
plasty were submitted for only 15 patients. Of these, 1 
patient had right and left pulmonary artery dilation. 
Lung scan data after angioplasty were reported for 10 
patients, one of whom did not have preangioplasty val- 
ues. Of the 8 patients for whom pre- and postdilation 
study comparisons would be meaningful, a mean 44% 
difference was present in the percent perfusion of the 2 
lungs before angioplasty, which decreased to 3740 after 
angioplasty. 

Balloon rupture: Rupture of the balloon was report- 
ed in 16 of the 182 (9%) procedures. Mean inflation 
pressure associated with balloon rupture was 7 + 2 (n = 
16) compared to 6 + 3 atmospheres for the procedures 
in which the balloon did not rupture (n = 137, differ- 
ence not significant). 

Complications: Complications of balloon angioplasty 
were reported in a descriptive section on the data form 
in 21 patients. The findings are listed in Table IV. 


TABLE I Identification of Associated Diagnoses for 
Pulmonary Artery Stenosis Patients 


Stenosis occurring as congenital lesion (n = 110) 
Tetralogy of Fallot S/P repair 61 
Primary diagnosis (no associated lesion) 27 
Williams syndrome 
Rubella syndrome 
Atrial septal defect 
Allagielle syndrome 
Noonan syndrome 
Complex cyanotic heart disease 





Postoperative stenosis at site of surgical shunt or 
graft anastomosis (n = 30) 

Tetralogy of Fallot 

Truncus arteriosus 

S/P Fontan repair 

Complex cyanotic heart disease 


S/P = status post. 


TABLE Il The Effects of Prior Surgical Intervention, Age and 
Balloon Size on Pre- and Postdilation Vessel Dimensions 


O O» «XO WO 


Vessel 


No. Procedures Dimension* (mm) 


1.6 €07 
1.9 3: 1.3! 


Prior surgery 
No prior surgery 
Age (yr) 
«2 1.48 + .52 
>2 1.78 + 1.11 
Balloon diameter 
«3 X stenosis 
»3 X stenosis 


1.4 + 0.4 
2.3 + 1.4+ 
* Mean + standard deviation; ! difference not significant; * p «0.02. 


Postangioplasty dimension is compared for prior preangioplasty surgical dimen- 
sion. No. of procedures = no. for which data on the given variable are available. 


TABLE Ill Change in Systolic Pressure Gradient Related to 
Prior Surgery, Age and Balloon Size 


No. Procedures AP* (mm Hg) 


Prior surgery 
No prior surgery 


Balloon diameter 
«3 X stenosis 
»3 X stenosis 
* Mean + standard deviation: ' difference not significant. 


AP = change in systolic pressure gradient. 
No. of procedures = no. for which data on the given variable are available. 





Mean age of patients with complications was 6.1 years. 
Fourteen had previous surgical intervention. Seven had 
no prior surgery reported. Only short-term complica- 
tions are reported in this study. 

Perforation or rupture: Perforation or rupture of the 
pulmonary artery was the most frequent complication. 
Rupture of the right pulmonary artery led to death in 1 
patient. One patient had angioplasty within 24 hours of 
a Fontan operation and had rupture of the left pulmo- 
nary artery at the anastomosis of the right atrium to 
pulmonary artery conduit. Large extravasation of blood 
was noted and 700 cc of blood was replaced. The pa- 
tient died after 48 hours. The guidewire perforated the 
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TABLE IV Complications Reported at the Balloon Angioplasty Procedure: Occurrence with Possible Risk Factors 


Complications 


Tear or perforation 
of pulmonary artery 
Death 
Technical failure 
Bleeding requiring 
transfusion 
Arrhythmia 
Acute aneurysm formation 
Interstitial lung edema 
Paradoxical embolus 
Cerebral accident 
Loss of arterial pulse 


left pulmonary artery in 1 patient with resulting hemop- 
tysis, requiring endotracheal intubation; that patient 
was discharged home 2 days after the procedure. Rup- 
ture of the right pulmonary artery caused mediastinal 
bleeding which localized as a hematoma in a fourth pa- 
tient. Surgical repair was performed 24 hours after the 
procedure because of persistent extravasation; the pa- 
tient survived. A fifth patient had “unconsequential, 
temporary” extravasation of blood into the right medi- 
astinum associated with rupture of a 12 mm balloon. 
Four patients had angiographic or autopsy evidence of 
“intimal tears” without extravasation. 

Death: Two of the 5 deaths were associated with ves- 
sel rupture as discussed previously. Another patient died 
of low cardiac output within 24 hours after intraoper- 
ative dilation of the left pulmonary artery. Autopsy re- 
vealed multiple linear tears in the intima with intact ad- 
ventitia. One patient had a paradoxical embolus 1 day 
after the angioplasty procedure with resultant cerebro- 
vascular accident and eventual death. One patient with 
Williams syndrome, severe generalized peripheral pul- 
monary artery stenosis and suprasystemic right ventric- 
ular pressure had a sinus arrest and died when the bal- 
loon was inflated in the left pulmonary artery. Autopsy 
information was not available in 4 of the 5 cases in 
which death was reported. 

Technical failure: All 4 technical failures involved 
the inability to advance the balloon catheter beyond the 
site of stenosis. 

Bleeding requiring transfusion: Three patients re- 
quired blood transfusions—2 related to pulmonary ar- 
tery rupture and 1 from access vessel bleeding. 

Aneurysm formation: Acute development of aneu- 
rysm was described in 2 patients. One patient had 2 
aneurysms in the left pulmonary artery with residual 
stenosis proximal and between them. A fusiform aneu- 
rysm in the distal left pulmonary artery was described 
in the other patient. No additional details were provid- 
ed. 

Arrhythmia: Arrhythmia was reported in 2 pa- 
tients—1 patient who developed sinus arrest and died 
and a second patient who developed tachycardia and 
was treated successfully with direct current counter- 
shock. 
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Balloon Diameter 
>3 X Diameter 
of Stenosis 


Total No. 
Reported 


Balloon 
Rupture 





Interstitial edema: Interstitial edema of the right 
lung with a severe decrease in arterial pO» was noted in 
] patient. 

Loss of arterial pulse: Loss of an arterial pulse re- 
sponsive to urokinase infusion occurred in 1 patient. 


DISCUSSION 

Data collected by the VACA Registry show that 
balloon angioplasty for branch pulmonary artery steno- 
sis resulted in an increase in the dimension at the site of 
stenosis and a decrease in the systolic pressure gradient 
and proximal pressure as short-term responses. In this 
phase of the study data collected beyond the admission 
at the time of the angioplasty procedure were not re- 
ported; thus long-term outcome is unknown at this time. 

One important question regarding safety of the pro- 
cedure has been answered by this study. Serious compli- 
cations, death or major vessel rupture were associated 
with only 6 of the 182 procedures (3%). No correlation 
of the complications existed with respect to age, balloon 
size or balloon rupture. As the study was designed clini- 
cal data were not collected to allow interpretation of the 
impact of the balloon angioplasty intervention on the 
clinical course. Although changes in vessel dimension, 
pressure gradient and proximal pressures were statisti- 
cally significant, mean changes were small. However, 
even a small change in vessel stenosis may result in 
marked improvement in clinical status. For each pa- 
tient, therefore, the risk of balloon angioplasty must be 
weighed against potential benefit. 

Limitations of the study include the following: non- 
uniform protocol for the angioplasty procedure among 
institutions; potential intraobserver variations in inter- 
pretation of angiograms and hemodynamic data; ab- 
sence of specific criteria for patient selection; and the 
short-term observation period. Complete reporting of all 
cases from each institution was assumed, but cannot be 
verified. 

This study does provide important information col- 
lected from a large number of institutions experienced 
in angioplasty. These data will serve as the basis for 
planning a long-term prospective study to evaluate the 
role of balloon angioplasty in the management of 
branch pulmonary artery stenosis. Although the imme- 


diate anatomic and hemodynamic alterations of branch 
pulmonary artery stenosis after balloon angioplasty may 
not appear substantial, eventual utility for selected pa- 
tients would be evident with long-term documentation 
of improved clinical course, accelerated pulmonary ar- 
tery growth or a favorable change in operative feasibil- 
ity. ef | 
Acknowledgment: We wish to express our gratitude 
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Balloon Dilation of Miscellaneous Lesions: 
Results of Valvuloplasty and Angioplasty 
of Congenital Anomalies Registry 


Charles E. Mullins, MD, Larry A. Latson, MD, William H. Neches, MD, Edward V. Colvin, MD, 
and Jean Kan, MD 


Data on 111 lesions, in addition to pulmonary 
valve, aortic valve, branch pulmonary stenosis, 
native coarctation and recoarctation, were 
submitted to the Valvuloplasty and Angioplasty 
of Congenital Anomalies Registry. Because there 
was a very heterogenous group of lesions both in 
types of lesions and techniques of dilation, only 
minimal data can be offered concerning the efficacy 
of the dilation of any or all of these lesions. The 
registry data do, however, demonstrate the safety 
of these dilations compared to alternative surgical 
therapy. 

(Am J Cardiol 1990;65:802-803) 
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Anomalies (VACA) Registry was established to 

obtain data on the 5 lesions that had been report- 
ed most often in significant numbers at the time of the 
first VACA meeting. The original 5 lesions were pulmo- 
nary valve stenosis, aortic valve stenosis, native coarcta- 
tion of the aorta, recoarctation of the aorta and periph- 
eral pulmonary artery stenosis. Other stenotic lesions 
including pulmonary veins, systemic venous chan- 
nels,2 stenotic vascular anastomoses,’ subvalvular mem- 
branes^ and bioprosthetic valves? had been dilated and 
were reported as isolated cases or in small numbers. 


T^ Valvuloplasty and Angioplasty of Congenital 


METHODS 

The members of the registry were encouraged to re- 
port the data on any of these or additional dilation pro- 
cedures performed during the data collection period. 
One hundred and eleven procedures were included un- 
der the category of “miscellaneous” or “other” dilations 
submitted to the VACA Registry. The list of these 
"other" or “miscellaneous” lesions is far greater in vari- 
ety, yet each lesion contains fewer numbers than any of 
the 5 primary lesions in the study. Unfortunately, the 
data submitted for the miscellaneous lesions were often 
incomplete or vague. 


RESULTS 

Lesions included under the miscellaneous category 
are grouped together or with similar lesions (Table I). 
From the data submitted, a very rough summary of the 
acute results of a particular procedure is listed under 
the heading of: success, failure or unknown. The com- 
plications encountered are listed along with the type of 
lesion. 

The original goal of the VACA Registry was not to 
collect long-term data; thus, all of the information here 
represents acute results and suggests nothing about the 
long-term effect from balloon dilation in any of these 
lesions. Since the numbers for individual or separate le- 
sions were so few and were from different centers using 
different techniques and different criteria for the deter- 
mination of success or failure, few conclusions may be 
reached from these data concerning even the acute effi- 
cacy of balloon dilation for most of these lesions. 

The most commonly dilated lesion in this category 
was a stenotic prosthetic tissue valve contained within a 
right ventricular-pulmonary artery conduit. Success rate 
was at least 33%. The results of another 33% were not 
commented on and 34% were unsuccessful. No compli- 
cations were reported. 

The second most common lesion dilated in this mis- 
cellaneous group was systemic venous baffle stenoses 


TABLE! Miscellaneous Stenotic Lesions 


Lesion Dilated Total No. Success 


Conduit prosthetic valve 
Pulmonary conduit 
Other 

Mitral valve 


Mustard baffle 
SVC 
IVC 
Blalock or Gortex shunt 


— = N 
W Oo O PM 


Pulmonary vein 
Prosthetic tricuspid valve 
PA band site 

IAA anastomosis 

Fontan anastomosis 
ASD in HLHS 

Sub PS membrane 

Sub AS membrane 

Coll. in pulmonary atresia 
Supra PS 

Waterston shunt 

Asc. aorta in TGA 

SVC sp/TAPVR repair 
Baffle stenosis 

PDA 


eR RR rm m OOM P0000 00 I» O1 
mrk OT O FO OW OQ rc Nu 
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Failure 


nore 


oo 0 oO 0 OF OND OW = OQ rm t- 


Unknown Complications 


Transient VT 

Transient ST * 
Transient hypotension 
1.6:1 left to right shunt 


MANO 


External blood loss 
Transient pulmonary edema 


Persistent AF 
Local extravasation 


LPA thrombosis 
Massive internal bleed 


Transient LBBB 
Dissection to mediastinum 


— ©: Oo OP ON OO OII HTN 


AF = atrial fibrillation; AS = aortic stenosis; Asc = ascending; ASD = atrial septal defect; Coll = collateral; HLHS = hypoplastic left heart syndrome; IAA = interrupted aortic arch; IVC 
= inferior vena cava; LBBB = left bundle branch block; LPA = left pulmonary artery; PA = pulmonary artery; PDA = patent ductus arteriosus; PS = pulmonic stenosis; sp = status post; 
SVC = superior vena cava; TAPVR = total anomalous pulmonary venous return; TGA = transposition of great arteries; VT = ventricular tachycardia. 


following Mustard or Senning atrial venous baffle oper- 
ations for transposition of the great arteries. The data 
from this group of patients suggest that the procedure is 
beneficial for these lesions. A 68% successful dilation 
rate was reported for the total group, and the failure 
rate was only 4.5%. No comments or data supported 
either success or failure for the remaining 27.5%, some 
of which may have been successful. 

The data for dilating superior vena caval obstruction 
are even more encouraging: 81% of these lesions were 
successfully treated. Six percent were reported as fail- 
ures, leaving 13% without comment. Results from dila- 
tion of postsurgical vena caval obstruction, particularly 
superior vena caval lesions, are the most encouraging 
for all miscellaneous lesions. Considering the surgical 
alternatives for these lesions, and the absence of report- 
ed complications from the dilation procedure, transven- 
ous dilation of postsurgical vena caval obstruction 
should be considered primary therapy. 


DISCUSSION 

One of the original goals of the VACA Registry was 
to quickly identify risks, dangers or absolute contraindi- 
cations for dilation of any particular lesion or for any 
particular dilation procedure or technique. This goal 
was accomplished. Procedural complications were com- 
mented on in more detail and with more information 
about follow-up than were the results of the procedures 
themselves. No fatalities were reported for miscella- 
neous lesions. The most significant complications in- 
cluded a thrombosis of the left pulmonary artery after 
dilation of a Fontan anastomotic site (no details of sub- 





sequent problems given) and the development of a 1.6:1 
atrial shunt created from the transseptal approach for a 
mitral valve dilation (again, no follow-up details given). 
Problems with both external and internal acute blood 
loss were encountered; however, these were anticipated, 
recognized and treated without apparent sequelae. 

When surgery is available for these miscellaneous le- 
sions, it is very complex, marginally successful, or both. 
Catheter dilation of these lesions has demonstrated 
some acute success in each type of lesion and carries a 
low incidence of significant complications. Dilation of 
most of these miscellaneous lesions, however, should still 
be undertaken as an investigational procedure under a 
protocol for both the technique and for the detailed 
follow-up of each patient. These procedures probably 
should be performed in institutions routinely performing 
other catheter dilation procedures where both the 
experience and the often extensive inventory of special 
equipment are available. 
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Assessment of the Hemodynamic Response 
to Acetyl-Strophanthidin by Doppler 
Echocardiography in Normal Subjects and 
in Those with Coronary Artery Disease 
or Idiopathic Dilated Cardiomyopathy 


Helmut W. Lange, MD, Steven Lampert, MD, Martin G. St. John Sutton, MD, 
and Bernard Lown, MD 


The effect of acetyl-strophanthidin, a rapidly acting 
digitalis-like drug, was measured on peak flow ve- 
locity, stroke distance (an index of stroke volume) 
and minute distance (an index of cardiac output), 
determined by Doppler echocardiography in 21 
subjects with a wide range of left ventricular ejec- 
tion fractions (12 to 89%, average 47%). For the 
total study group, peak flow velocity increased 
from 99 + 10 to 110 + 13 cm/s (p <0.01), and 
stroke distance increased from 15.1 + 3.2 to 16.8 
+ 3.1 cm (p <0.01). Minute distance remained un- 
changed: 1,093 + 168 cm before and 1,129 + 187 
cm after acetyl-strophanthidin (difference not sig- 
nificant). Improvement in Doppler parameters of 
forward blood flow was significantly (p <0.001) 
greater in subjects with left ventricular ejection 
fractions <60% (+17% for peak flow velocity, 
+22% for stroke distance and +15% for minute 
distance) than in those with left ventricular ejection 
fractions >60% (+4% for peak flow velocity, +2% 
for stroke distance and —8% for minute distance). 
These data suggest that Doppler echocardiography 
is a useful method to assess the efficacy of acute 
digitalis administration in improving forward blood 
flow. 

(Am J Cardiol 1990;65:804-807) 
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ether digitalis is beneficial in an individual 

W patient can be assessed by either an invasive 

procedure, such as Swan-Ganz catheteriza- 

tion, or a long period of careful clinical observation. 

Given the variability in response to digitalis and the nar- 

row toxic-to-therapeutic ratio of this drug,! a simple 

noninvasive measure of cardiac output would greatly as- 

sist the clinician in deciding whether digitalis is improv- 
ing left ventricular function. 

Doppler echocardiography is a new method that al- 
lows determination of noninvasive correlates of stroke 
volume and cardiac output? The Doppler-derived 
measures of stroke distance and minute distance are in- 
dexes of stroke volume and cardiac output, respective- 
ly.4 These measurements have been demonstrated to re- 
flect changes in myocardial function after therapeutic 
interventions.? 

In this study, we tested whether the inotropic effect 
of acetyl-strophanthidin, a rapid-acting cardioactive ste- 
roid,’ can be measured by continuous-wave Doppler 
echocardiography. 


METHODS 

Study population: We studied 21 subjects; 17 were 
men and 4 were women. The average age was 55 years 
(range 25 to 81). Coronary artery disease was present in 
9 patients (7 with prior myocardial infarction), idio- 
pathic dilated cardiomyopathy in 4 and in 8 there was 
no evidence of structural heart disease (6 were normal 
volunteers). Atrial arrhythmias were present in 4 pa- 
tients (atrial fibrillation in 3 and frequent atrial prema- 
ture beats in 1). The remaining 17 subjects had sinus 
rhythm. Before the study, the left ventricular ejection 
fraction was determined for all patients. In 14 patients 
radionuclide ventriculograms were obtained, in 6 pa- 
tients echocardiographic ejection fractions were calcu- 
lated, and in 1 patient a left ventricular angiogram was 
obtained. Patients were subgrouped into those with left 
ventricular ejection fractions <60% (group A) and 
260% (group B). At the time of the study, 8 patients 
were receiving long-term oral digitalis therapy; 6 were 
in group A and 2 in group B. The indication for digitalis 
therapy was chronic congestive heart failure in 5 pa- 
tients, congestive heart failure with atrial fibrillation in 
] patient and atrial fibrillation in 2 patients. Diuretics 









Peak Flow Velocity (cm/s) 








Subject 
No. (%) B A % B 








Group A (LVEF <60%) 











LF 15 99 129 +30 14.2 
2 36 93 114 +23 15.3 
3" 20 91 100 +10 13.9 
4 47 99 111 +12 13.8 
57 12 88 109 +19 12.5 
6* 53 84 108 +22 10.3 
7* 34 106 124 +17 11.6 
8 15 102 110 +8 13.4 
9 29 111 135 +22 12.3 
10 23 115 135 +17 20.6 
11 31 109 115 +6 15.4 






Mean + SD 29413 +1747 





Group B (LVEF >60%) 





12 61 107 103 —4 19.4 
137 60 100 110 +10 16.1 
14* 89 111 112 0 23.7 
15 60 75 81 +8 11.4 
16 61 89 94 +6 13.4 
17 72 106 112 +6 18.6 
18 68 101 104 +3 15.4 
19 67 107 102 95 17.0 
20 66 95 99 +4 15.6 
21 70 96 103 +7 13.4 








Mean + SD 67+9 99+16 10249: +4458 





Group 47+23 99410 1104131 +1149 


mean + SD 


* = receiving long-term digitalis therapy. 












were given in 2 patients and vasodilators in 4 patients 
(all in group A). Four group A patients were felt to be 
in acute congestive heart failure at the time of the 
study, based on S; in 3 patients and peripheral edema in 
4 patients. 

Acetyl-strophanthidin testing: The protocol for 
acetyl-strophanthidin testing has been previously de- 
scribed. Acetyl-strophanthidin was administered intra- 
venously in 0.2- or 0.3-mg increments every 6 minutes 
until a maximum dose of 1.2 to 1.5 mg was reached or 
clinical or electrocardiographic signs of digitalis toxicity 
developed. The patient remained in a supine position 
throughout the test. Blood pressure (by sphygmoma- 
nometry) and the electrocardiogram (by trendscription) 
were continuously monitored during the test. A 12-lead 
electrocardiogram was obtained before and immediately 
after acetyl-strophanthidin administration. The serum 
digoxin concentration was determined by the radioim- 
munoassay technique? before the first dose and 4 min- 
utes after the maximum dose was given. 

Systolic time intervals: In all subjects, systolic time 
intervals were obtained before and 6 minutes after ace- 
tyl-strophanthidin. In 12 subjects who had high quality 
recordings of aortic valve motion, the preejection period 
and the ejection time were measured by M-mode echo- 
cardiography and a simultaneously recorded electrocar- 


TABLE I Doppler Parameters of Blood Flow Before and After Acetyl-Strophanthidin 


Stroke Distance (cm) 





1394327 


16.4 1 3.5 


15/1: 322 


A = after acetyl-strophanthidine; B = before acetyl-strophanthidin; LVEF = left ventricular ejection fraction; % = percent change. 
t p «0.01 (paired t test); * p «0.05 (paired t test); $ p «0.001 (unpaired t test: group A vs B). 
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18.2 +28 994 1,219 +23 
19.0 +24 1,025 1,197 T1 
14.7 +6 973 882 -9 
16.1 +17 897 966 +8 
15.3 +22 963 1,239 +29 
14.3 +39 855 1,115 +30 
13.9 +20 1,241 1,487 +20 
14.7 +10 1,059 1,117 +3 
16.7 +36 1,156 1,520 +31 
25.9 +26 1,030 1,166 +13 
17.3 +12 1,278 1,246 —-3 
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diogram. In the remaining 9 subjects, systolic time 
intervals were obtained from the electrocardiogram, 
carotid pulse tracing and phonocardiogram. Left ven- 
tricular contractile state was assessed as the ratio of pre- 
ejection period/ejection time. 

Doppler echocardiography: Recordings were made 
with a Hewlett-Packard 77020 A Doppler echocardiog- 
raphy unit. The blood flow velocity in the ascending 
aorta was measured by continuous-wave Doppler with 
the 1.9-MHz transducer located at the cardiac apex. 
Special attention was given to achieve an optimal trans- 
ducer position with the ultrasound beam parallel to the 
direction of blood flow to record the maximum flow ve- 
locity. After baseline recordings were obtained, the lo- 
cation of the transducer on the chest wall was marked 
to ensure that the same transducer position was used for 
subsequent measurements. Doppler recordings of blood 
flow velocity were repeated 6 to 10 minutes after the 
maximum dose of acetyl-strophanthidin had been given. 
Good quality velocity spectral envelopes were obtained 
in all subjects. 

Doppler flow velocity analysis: Peak flow velocity 
was measured as the highest frequency shift of the 
blood flow velocity time curve. Stroke distance, which is 
the area under the flow velocity curve, representing 
stroke volume, was calculated according to the formula: 
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stroke distance = 1.14 (peak flow velocity X 1/2 ejec- 
tion time) + 0.30.5 Ejection time was measured from 
the beginning to the end of the flow velocity curve indi- 
cated by the high frequency opening and closing sounds 
of the aortic or pulmonary valve. Minute distance repre- 
senting cardiac output was calculated as the product of 
stroke distance and heart rate. Three flow velocity 
curves with the highest frequency shifts were chosen for 
analysis and the results were averaged. In patients with 
atrial arrhythmias, the results of 20 consecutive beats 
were averaged. All recordings were read by a blinded 
observer. 

Variability studies: The variability of Doppler mea- 
surements using this technique has been determined for 
our laboratory. Intraobserver variability is 1 + 2% for 
peak flow velocity, 2 + 2% for ejection time and 2 + 2% 
for stroke distance. Interobserver variability is 2 + 2% 
for peak flow velocity, 2 + 2% for ejection time and 3 + 
3% for stroke distance. 

Statistical analysis: Changes in Doppler parameters 
of blood flow were analyzed with the use of the paired t 
test. Differences between 2 groups were tested by the 
unpaired ¢ test. The influence of left ventricular ejection 
fraction on changes in blood flow was assessed by linear 
correlation. Significance was defined as p <0.05. Group 
data are expressed as the mean + the standard devi- 
ation. 


RESULTS 

The average dose of acetyl-strophanthidin adminis- 
tered was 1.1 + 1.8 mg. The serum digoxin concentra- 
tion increased from 0.4 + 0.6 to 1.1 + 0.8 ng/ml (p 
<0.01). All subjects showed a decrease in the ratio of 
preejection period/ejection time. The average preejec- 
tion period/ejection time ratio decreased from 0.46 + 
0.10 to 0.40 + 0.10 (p <0.01). Systolic blood pressure 
increased from 121 + 14 to 133 + 16 mm Hg (p 
<0.01). Diastolic blood pressure increased from 75 + 7 
to 79 + 9 mm Hg (p <0.01). Heart rate decreased from 
74 + 13 to 69 + 14 beats/min (p «0.01). 

Doppler blood flow data: Individual responses in 
peak flow velocity, stroke distance and minute distance 
are listed in Table I. For the total study group, peak 
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flow velocity increased by 11% (p <0.01) and stroke 
distance increased by 12% (p <0.01). Minute distance 
remained unchanged. 

Doppler parameters of blood flow showed a signifi- 
cantly greater increase in group A (left ventricular ejec- 
tion fraction <60%) than in group B (left ventricular 
ejection fraction 260%) (p <0.001). Peak flow velocity 
increased by 17% in group A and by 4% in group B (p 
<0.001). Stroke distance increased by 22% in group A 
and by 2% in group B (p <0.001). Minute distance in- 
creased by 15% in group A and decreased by 8% in 
group B (p «0.001). 

The decline in heart rate after acetyl-strophanthidin 
administration was similar in groups A and B. In group 
A, heart rate decreased by 6 + 6 beats (from 78 + 16 
to 73 + 16). In group B, heart rate decreased by 7 + 5 
beats (from 71 + 10 to 64 + 9 beats/min, p «0.01 for 
each). 

The left ventricular ejection fraction correlated in- 
versely with percent changes in Doppler flow parame- 
ters: correlation coefficients were —0.67 for peak flow 
velocity, —0.61 for stroke distance and —0.57 for min- 
ute distance (p «0.01). Figure 1 shows the relation be- 
tween left ventricular ejection fraction and percent 
change in stroke distance. An increase in stroke distance 
of >10% occurred in 10 of 11 (91%) subjects in group 
A and in none of the 10 subjects with normal left ven- 
tricular function. However, the degree of improvement 
in stroke distance could not be predicted from the left 
ventricular ejection fraction. In 6 group A patients who 
were taking digitalis before administration of acetyl- 
strophanthidin (mean serum digoxin concentration 1.1 
+ 0.6 ug/ml), peak flow velocity, stroke distance and 
minute distance improved by 20, 25 and 21%, respec- 
tively. This increase was not statistically different from 
that of the remaining 5 patients in group A who were 
not taking digitalis before the test (peak flow velocity + 
13%, stroke distance + 18% and minute distance + 
8%). 


DISCUSSION 
Our results show that administration of acetyl-stro- 
phanthidin resulted in a significant increase in forward 


FIGURE 1. Correlation between left ven- 
tricular ejection fraction and percent 
change in stroke distance after adminis- 
tration of acetyl-strophanthidin. 


blood flow as determined by Doppler echocardiography. 
We found a Significant inverse Correlation between 
baseline left ventricular ejection fraction and percent 
change in Doppler parameters of left ventricular pump 
performance. This is in agreement with a previous ran- 
domized study showing that hemodynamic improve- 
ment due to digitalis occurs in patients with congestive 
heart failure.!o Contractility increases in response to 
digitalis in hearts with normal and abnormal left ven- 
tricular function.!9.!! This is demonstrated in our study 
by the uniform improvement in the preejection period / 
ejection time ratio, an index of contractile state. How- 
ever, in patients with normal left ventricular function, 
vasoconstrictive effects on vascular smooth muscle! 
and reflex inhibition of sympathetic tone!? counteract 
the positive inotropic action of digitalis on the myocar- 
dium resulting in no significant overall change in for- 
ward cardiac output.!4 In contrast, studies have shown a 
substantial increase in cardiac output in response to dig- 
italis in patients with depressed left ventricular func- 
tion. !>;16 

We demonstrated the utility of Doppler echocardi- 
ography in measuring the positive inotropic effect of 
digitalis. Compared to other techniques, such as 2-di- 
mensional echocardiography or radionuclide ventric- 
ulography, Doppler echocardiography has the advan- 
tage of being a simple, inexpensive bedside technique, 
which does not require complex geometric calculations 
and is free of radiation exposure. Furthermore, ventric- 
ulographic techniques may be too insensitive for the de- 
tection of small but clinically important changes in ejec- 
tion fraction, especially in patients with markedly dilat- 
ed left ventricles. In the study by Chia-Sen Lee et al,!7 
no change in left ventricular ejection fraction by radio- 
nuclide ventriculography was observed in 14 patients 
with profound clinical improvements in heart failure 
after digitalis administration. 

Since we measured the effect of acute intravenous 
administration of digitalis, we cannot predict the effica- 
cy of long-term digitalis therapy. It appears unlikely 
that Doppler measurements of forward blood flow rep- 
resent a clinically useful method for the assessment of 
the hemodynamic effects of long-term digitalis therapy, 
because studies in our laboratory have shown that the 
95% confidence limit in day-to-day variability of stroke 
distance is + 13% and that of minute distance + 23%, 
which is about equal to the average improvement after 
acute administration of acetyl-strophanthidin. 

Improvement in forward blood flow was similar in 
patients with left ventricular ejection fraction <60% 


who were taking digitalis compared to those who were 
not yet receiving it. Thus, our data show that additional 
doses of digitalis result in hemodynamic improvement in 
patients with reduced left ventricular ejection fraction 
already receiving digitalis. Since the toxic-to-therapeu- 
tic ratio of digitalis is narrow, acetyl-strophanthidin 
testing in combination with Doppler measurements of 
forward blood flow may be useful as an “acute drug 
test” of the efficacy of intravenous digitalis administra- 
tion in raising stroke volume and cardiac output. 
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Cause of Acute Myocardial Infarction Late After Successful Coronary 


Artery Bypass Grafting 


William C. Little, MD, Nelson S. Gwinn, MD, Mark T. 
Frederic R. Kahl, MD, and Robert J. Applegate, MD 


D artery bypass grafting (CABG) reduces 
angina and improves exercise tolerance in patients 
with symptomatic coronary artery disease. Further, it 
improves survival in selected high-risk patients. Despite 
these dramatic results CABG has not been shown to 
reduce the incidence of acute myocardial infarction 
(AMI). In each of 3 large randomized CABG trials the 
frequency of nonfatal AMI was not reduced. ? 

The causes of AMI occurring months or years after 
successful CABG have not been well defined. In patients 
who have undergone CABG, AMI may potentially result 
from occlusion of a graft to an artery that has already 
closed, occlusion of an artery whose graft has previously 
closed or occlusion of an ungrafted native coronary ar- 
tery.^ Recently, we observed that AMI in medically treat- 
ed patients with coronary artery disease frequently was 
due to occlusion of an artery that previously did not 
contain an obstruction.? This suggests that occlusion of 
unbypassed arteries that did not previously contain ob- 
structions may be an important cause of AMI after 
CABG. 

The records of the patients who underwent cardiac 
angiography at North Carolina Baptist Hospital from 
January 1973 to July 1987 were reviewed. A total of 45 
patients met the following criteria: they had undergone 
CABG; had an AMI »1 month after CABG; and they 
had coronary angiography performed within 1 month 
(16 + 14 days, mean + standard deviation) after the 
AMI. Four patients were eliminated because there was 
no change on the post- AMI angiogram compared to the 
last angiogram before the AMI; thus, the cause of AMI 
could not be determined. One patient was excluded from 
the study because of incomplete post- AMI coronary an- 
giograms. Thus, the study group was comprised of 40 
patients. Saphenous veins were used for bypass grafts; 
only 2 of the study patients received internal mammary 
grafts. 

AMI was documented by the presence of cardiac iso- 
enzymes and electrocardiographic changes. Selective 
coronary arteriograms were performed in multiple pro- 
jections by standard methods (Figures 1 and 2). The 
saphenous vein grafts were selectively injected. The pre- 
operative and post-AMI coronary angiograms were 
evaluated by 3 experienced investigators (NG, WL, MB). 
The location of the AMI was determined from the elec- 
trocardiographic changes and new left ventricular wall 
motion abnormality on ventriculogram. The artery sup- 
plying the infarct area was identified on the angiogram 
after AMI. In each case the infarct-related artery con- 
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tained a total or subtotal occlusion. The status of the 
graft (if any) was analyzed to classify the cause of the 
AMI. In each instance in which the AMI occurred in the 
distribution of a bypassed coronary artery, the saphe- 
nous vein graft to this area was occluded. It was not 
possible in these patients to determine unequivocally if 
the acute event producing the AMI was graft occlusion 
or occlusion of the grafted native vessel. Thus, these 
patients were classified as having AMI due to saphenous 
vein graft occlusion. A new occlusion of an unbypassed 
native vessel to the infarct area indicated that the AMI 
was due to native vessel occlusion. 

Electrocardiograms obtained before and after the 
AMI were compared to determine the presence of new Q 
waves. The ejection fractions, determined from the left 
ventriculograms using the area length method, were 
compared before and after AMI. 

All data were summarized as mean + standard devi- 
ation. Comparison of groups was performed by analysis 
of variance or chi-square. The level of significance was p 
«0.05. 

AMI was associated with graft occlusion in 27 of the 
40 (6690) patients. AMI was due to occlusion of an 
unbypassed native vessel closure in 34%. In all but one of 
these patients with AMI due to native vessel occlusion, 
the infarct-related artery had not been bypassed because 
it did not contain an obstructive (7 5096 diameter steno- 
sis) lesion preoperatively. There were no differences in 
the age (57 + 8 vs 54 x: 11 years) or sex distribution in 
the patients with AMI due to graft occlusion or native 
vessel closure. The patients with native vessel closure 
had fewer vessels bypassed (2.1 + 0.8 vs 2.8 + 0.8, p 
<0.05), tended to have AMI sooner after CABG (1,639 
+ 1,089 vs 2,475 + 1,164 days, p <0.05), were less likely 
to develop new Q waves with the AMI (15 vs 63%, p 
<0.05) and had a larger fall in ejection fraction (—21 + 
11 vs —11 + 6%, p <0.05) than the patients whose AMI 
was due to graft closure. 

Most AMIs occurring late after successful CABG in 
our patients were due to occlusion of the bypass graft. 
This is not surprising in view of the limited life-span of 
saphenous vein bypass grafts. At least 2 to 3% of saphe- 
nous grafts occlude each year during the first year 
through the sixth year after the operation. By 10 to 12 
years after CABG approximately 40% of saphenous vein 
grafts are occluded.®? Furthermore, the insertion of a 
bypass graft may accelerate atherosclerosis in native ves- 
sels proximal to the graft insertion resulting in subsequent 
occlusion of the native vessel.° This is clinically silent as 
long as the graft remains patent. However, the subse- 
quent occlusion of the graft will usually result inan AMI. 
Since both the bypass graft and the native artery perfus- 
ing the infarct area were occluded in these patients, it is 
not possible to unequivocally determine which occlusion 


occurred first. However, if the graft had remained patent, 
AMI would not have occurred. Thus, we classified these 
patients as having an AMI due to bypass graft occlusion. 

In one-third of our patients AMI after successful 
CABG was due to closure of an unbypassed native coro- 
nary artery. These native arteries had not received bypass 
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FIGURE 1. A, preoperative angiogram in right anterior oblique projection of left coronary artery showing high-grade stenosis of 





grafts because they did not have, in all but 1 instance, 
obstructive disease before CABG. This is consistent with 
our previous observation that AMI in medically treated 
patients is frequently due to occlusion of vessels that did 
not previously contain angiographically apparent ob- 
structive stenoses.? This study and other observations !?:! ! 
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left anterior descending coronary artery (arrow). The large intermediate branch does not contain any obstructive lesions. The 
patient then had bypass grafts inserted into left anterior descending and right coronary arteries. B, after a subsequent acute 
myocardial infarction (AMI), selective injection of saphenous vein bypass graft to left anterior descending coronary artery shows 
that the graft is widely patent. C, angiogram performed after AMI shows that intermediate branch (arrow) of left coronary 
artery is occluded. Left anterior descending artery is not opacified since it is filled from vein graft. This patient was 

classified as having AMI due to occlusion of an ungrafted native vessel. 





FIGURE 2. A, preoperative angiogram of right coronary artery showing obstructive lesion in mid-artery (arrow). The patient 





then had bypass grafts inserted into right, left anterior descending and marginal coronary arteries. B, repeat angiogram after a 
subsequent acute myocardial infarction (AMI) demonstrates that right coronary artery is now occluded. C, the saphenous vein 
graft to right coronary artery is also occluded. Thus, this patient was classified as having AMI due to saphenous vein graft 


occlusion. 
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suggest that an obstructive stenosis is not necessary for 
thrombotic occlusion of a coronary artery to occur. Thus, 
even if bypass grafts had an infinite life span, CABG 
alone cannot be expected to prevent AMI produced by 
occlusion of arteries that did not contain a stenosis preop- 
eratively. This may partially explain the failure of CABG 
to reduce the incidence of AMI in the 3 large randomized 
CABG trials.! ? 

Since one-third of the AMIs occurred due to occlusion 
of ungrafted arteries, does this indicate that arteries with 
nonobstructive or no apparent disease should be by- 
passed? There are 2 reasons why this should not be done. 
First, coronary artery disease rapidly progresses in the 
segment proximal to the graft insertion site. Second, 
graft patency may be reduced if placed in arteries that do 
not contain obstructive stenosis. Thus, it appears that 
optimal prevention of AMI after CABG will require both 
the use of long-lived conduits for grafts and measures to 
prevent occlusion of ungrafted arteries. Such therapy 
may rationally include aggressive risk-factor intervention 
to lower serum cholesterol, aspirin intake, cessation of 
smoking and possibly the use of 8 blockers. 

Patients with native vessel occlusion tended to have 
AMIs sooner after CABG than those with saphenous 
vein graft closure. This may indicate that these patients 
had more accelerated atherosclerosis. Thus, despite pat- 
ent grafts, rapid progression of disease in unbypassed 
vessels produced AMI within a few years of CABG. In 
contrast, it appears that in patients with a more stable 
coronary artery disease, AMI resulted from saphenous 
vein graft occlusion. 

Saphenous vein grafts were used in most of the pa- 
tients in our study who received surgery in the 1970s and 
early 1980s. The increasing use of internal mammary 
arteries as conduits may influence our results. The long- 
term patency of these grafts is much superior to saphe- 
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nous vein grafts.!? Thus, we suspect that although the 
total incidence of AMI after CABG using the internal 
mammary artery may be lower, the portion due to occlu- 
sion of unbypassed arteries will be higher than we ob- 
served. 
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Usefulness of Echocardiographic Left Ventricular Ejection Fraction 
and Silent Myocardial Ischemia in Predicting New Coronary Events 
in Elderly Patients with Coronary Artery Disease or Systemic 


Hypertension 


Wilbert S. Aronow, MD, Stanley Epstein, MD, and Mordecai Koenigsberg, MD 


eft ventricular (LV) ejection fraction (EF) re- 

mains normal in elderly persons with no evidence of 
heart disease.!? We reported that an abnormal echocar- 
diographic LVEF? and silent myocardial ischemia‘ sig- 
nificantly correlated with new coronary events in elderly 
patients with heart disease. In this report we give the 
results from our prospective study of 393 patients >62 
years old with coronary artery disease (CAD) or systemic 
hypertension correlating LVEF and silent ischemia with 
development of new cardiac events at 40-month mean 
follow-up. 

Patients were considered to have CAD at entry into 
the study if they had a documented clinical history of 
myocardial infarction, electrocardiographic evidence of 
Q-wave myocardial infarction or angina pectoris. A sys- 
tolic blood pressure 2160 mm Hg on 3 occasions was 
considered systolic hypertension. A diastolic blood pres- 
sure 290 mm Hg on 3 occasions was considered diastolic 
hypertension. 

M-mode and 2-dimensional echocardiograms and 
24-hour ambulatory electrocardiographic recordings 
were obtained prospectively in unselected patients >62 
years old with CAD or systolic or diastolic hypertension 
in a long-term health care facility. Echocardiographic 
studies and 24-hour ambulatory electrocardiographic 
monitoring were performed as previously described? 
Technically adequate M-mode or 2-dimensional echo- 
cardiograms for measuring LVEF (82% from original 
group) and technically satisfactory 24-hour ambulatory 
electrocardiographic recordings (83% from original 
group) were obtained in 393 patients. The 393 patients 
included 285 women and 108 men, mean age 82 + 8 
years (range 62 to 98). 

The formula to determine LV volumes at end-dias- 
tole and end-systole was as follows? V = (7.0/2.4 + D) 
D? (V = volume at end-diastole or end-systole and D = 
the echocardiographically measured LV internal dimen- 
sion at end-diastole or end-systole). LVEF was calculat- 
ed as the following: (LV end-diastolic volume — LV end- 
systolic volume)/LV end-diastolic volume X 100%. An 
LVEF «5096 was considered abnormal. 

Patients with marked resting ST-segment depression 
(=1.5 mm) were excluded from the study. Silent isch- 
emia was diagnosed if horizontal or downsloping ST- 
segment depression 21.0 mm below the resting level 
occurred at 80 ms after the J point, lasted for 21.0 
minute and was unassociated with anginal symptoms. If 
resting ST-segment depression occurred, an additional 
2.0 mm of ischemic ST-segment depression below the 
resting level at 80 ms after the J point was required. 
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TABLE I Association of Abnormal Left Ventricular Ejection 
Fraction and of Silent Ischemia with New Cardiac Events in 
Elderly Patients with Coronary Artery Disease or Systemic 
Hypertension 


New Cardiac Events 


No. 


Abnormal LVEF 
Normal LVEF 


102/117 
102/276 

87/106 
117/287 


* p «0.001. 
LVEF = left ventricular ejection fraction; SI = silent ischemia. 


TABLE Il Correlation of Abnormal Left Ventricular Ejection 
Fraction and Silent Ischemia with New Cardiac Events in 
Elderly Patients with Coronary Artery Disease or Systemic 
Hypertension 


New Cardiac Events 


A Abnormal LVEF, SI 
B Abnormal LVEF, no SI 
C Normal LVEF, SI 
D Normal LVEF, no SI 
p <0.001 comparing A with D, B with D and C with D; p <0.005 comparing A with C; 


p <0.05 comparing A with B. 
Abbreviations as in Table |. 





The mean follow-up period was 40 + 9 months 
(range 19 to 51). New cardiac events were diagnosed if 
the patient developed myocardial infarction, primary 
ventricular fibrillation or sudden cardiac death. Myo- 
cardial infarction was documented as previously de- 
scribed.’ Sudden cardiac death was defined as an unex- 
pected cardiac death in a patient with CAD or a patient 
with systemic hypertension found dead within 1 hour of 
being clinically stable. Chi-square analyses were used 
to analyze data. 

At 40-month mean follow-up, new cardiac events de- 
veloped in 204 of 393 patients (52%). Table I lists the 
association of abnormal LVEF and of silent ischemia 
with new cardiac events in patients with CAD or systemic 
hypertension. Table II lists the correlation of abnormal 
LVEF and silent ischemia with new cardiac events in 
patients with CAD or systemic hypertension. 

An abnormal LVEF is an important independent pre- 
dictor of survival in patients with medically treated 
CAD.?:!° Abnormalities in regional and global LV wall 
motion are similar in CAD patients with and without 
silent ischemia.!! The prognosis of silent ischemia in pa- 
tients with CAD depends on the extent of CAD and LV 
dysfunction.'* We previously reported that an abnormal 
LVEF significantly correlated with new cardiac events in 
elderly patients with heart disease.’ Data from this study 
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of elderly patients with CAD or systemic hypertension 
showed that at a mean follow-up of 40 months, new 
cardiac events occurred in 87% of patients with abnormal 
LVEF and in 37% of patients with normal LVEF (p 
<0.001). 

Patients with unstable angina pectoris,!?!^ high-risk 
postinfarction patients,'> patients with stable CAD*!6.!7 
and elderly patients with systemic hypertension, valvular 
heart disease or cardiomyopathy? and silent myocardial 
ischemia have an increased risk of cardiovascular mor- 
bidity and mortality. Data from this study showed that at 
40-month follow-up, new cardiac events occurred in 82% 
of patients with silent ischemia and in 41% of patients 
without silent ischemia (p «0.001 ). 

Data from this study also show that the prevalence of 
silent ischemia in patients with CAD or systemic hyper- 
tension was significantly increased in patients with abnor- 
mal LVEF. In patients with or without silent ischemia, 
abnormal LVEF significantly increased the incidence of 
new cardiac events. In patients with or without abnormal 
LVEF, silent ischemia significantly increased the inci- 
dence of new cardiac events. The incidence of new cardi- 
ac events at 40-month follow-up was 3.2 times higher in 
patients with abnormal LVEF and silent ischemia than in 
patients with normal LVEF and no silent ischemia. 
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An Angiographic and Histologic Study of Cocaine-Induced Chest Pain 


Pirzada A. Majid, MBBS, PhD, Bharat Patel, MD, Han-Seob Kim, MD, PhD, Janice L. Zimmerman, MD, 


and R. Phillip Dellinger, MD 


hest pain is not an uncommon symptom in patients 
who abuse cocaine. A small number also develop 
acute myocardial infarction.'? Most, however, show elec- 
trocardiographic ST-segment or T-wave abnormalities as 
the only objective evidence of myocardial ischemia. Coro- 
nary artery spasm has been popularly invoked as the 
possible cause for chest pain.^^ However, evidence for 
spasm is largely circumstantial at present. An alternative 
source of pain may be myocarditis,? which has been dem- 
onstrated in some patients dying of cocaine abuse.9 
The following investigations were carried out in 11 
men, average age 27 years (range 18 to 35) presenting 
with prolonged chest pain at rest suggestive of acute 
myocardial ischemia 1 to 4 hours after use of cocaine by 
smoking or intravenous route, electrocardiographic ST- 
segment elevation or T-wave abnormalities and demon- 
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stration of cocaine or its metabolites in the urine. None 
had risk factors for coronary artery disease. After acute 
myocardial infarction was ruled out, informed consent 
was obtained and coronary arteriography was carried 
out (within 24 hours of admission) in multiple views 
using Judkins technique to exclude coronary artery dis- 
ease. Coronary arteries were found to be normal in all 
patients. None showed evidence of spontaneous coronary 
artery spasm or presence of intraluminal thrombi. In 1 
patient, catheter-induced spasm was seen at the origin of 
right coronary artery without any symptoms or electro- 
cardiographic changes. Coronary arteriography was re- 
peated in 10 patients after 0.4 mg of ergonovine maleate 
was given intravenously in divided doses. No focal or 
diffuse vasoconstrictive response was seen on provoca- 
tion by ergonovine. Ejection fraction calculated from left 
ventricular angiography was mildly depressed with an 
average of 45 + 5%. Only 3 patients had ejection frac- 
tions >50%. Endomyocardial biopsy carried out in all 
patients failed to show evidence of myocarditis. In 7 of 
11 patients, however, intramyocardial small coronary 


/ 


arteries, the diameter of which was not more than twice 
the width of average myofiber (20 to 40 u), were ob- 
served to have considerable wall thickening (Figure 1). 

Prospective analysis of angiographic data obtained 
from a group of patients admitted with ischemic chest 
pain and a history of recurrent cocaine abuse failed to 
reveal evidence of coronary artery disease, spontaneous 
coronary artery spasm or presence of intraluminal throm- 
bi to account for symptoms and electrocardiographic ab- 
normalities. An acute myocardial infarction had already 
been excluded. Attempts at inducing coronary artery 
spasm, using ergonovine maleate intravenously, were also 
unsuccessful in all patients. An endomyocardial biopsy 
ruled out myocarditis as a possible cause of chest pain. 
However, 7 of the 11 patients demonstrated significant 
thickening of the small coronary vessel walls. All patients 
were young and normotensive with no coronary risk fac- 
tors. All were chronic abusers of cocaine and had been 
taking the drug for an average of 3 years. The chest pain 
was typically ischemic in character, localization and radi- 
ation. The pain was usually recurrent and temporally 
related to the use of cocaine; however, the temporal rela- 
tion of cocaine abuse to the onset of chest pain was highly 
variable. Electrocardiographic abnormalities were pres- 
ent in all patients and consisted of ST elevation or T-wave 
abnormalities affecting precordial leads diffusely. None 
of the patients showed transient elevations of ST segment 
on electrocardiogram during chest pain as is seen typical- 
ly in patients with variant angina. In fact, the repolariza- 
tion abnormalities were persistent in most patients in 
whom serial electrocardiograms were available for study. 
The clinical profile of our patients was not consistent with 
a diagnosis of variant angina. 

Angiographic findings supported the clinical impres- 
sion; all patients failed to respond to the ergonovine stim- 
ulation test. Other investigators have also reported simi- 
lar results;!? thus, coronary artery spasm does not appear 
to be a primary mechanism responsible for acute isch- 
emic syndromes after cocaine use. Other pathophysiolog- 
ic factors need to be considered. Acute pharmacologic 
effects of cocaine, such as an increase in heart rate or 
blood pressure secondary to release of catecholamines, 
may generate symptoms in patients with underlying coro- 
nary artery disease and perhaps induce subendocardial 
ischemia in patients with significant left ventricular hy- 
pertrophy in the absence of coronary artery disease. It is 
unlikely, however, that increments in heart rate or blood 
pressure would be responsible for chest pain in our cohort 
of normotensive patients with normal coronary arteries. 

In recent years, sporadic reports have stressed the 
presence of lymphocytic and eosinophilic infiltrates in 
hearts of patients presumed to have died of cocaine 
abuse.^* Very little is known about the origin of cell 
infiltrates although hypersensitivity reactions to cocaine 
or adulterants have been implicated from time to time.’ A 
myocardial inflammatory reaction may also be produced 
by high concentrations of norepinephrine released after 
cocaine in a manner similar to that occasionally seen in 
patients with pheochromocytoma. Eight of our 10 pa- 
tients demonstrated left ventricular ejection fraction 
<50%. It is tempting to attribute mild depression of left 


ventricular function in a young group of patients with 
normal coronary arteries to cocaine abuse. However, 
none of the patients demonstrated cellular infiltrates in 
the myocardium. 

The abnormal coronary resistance vessels in 7 of 11 
patients were a surprising finding. Considerable thicken- 
ing of the walls was observed to encroach upon the lumen 
of the small blood vessels. Simpson and Edwards? report- 
ed a 21-year-old patient with no coronary risk factors and 
a long history of cocaine abuse. They found nonathero- 
sclerotic intimal hyperplasia of smooth muscle cells with- 
out deposition of collagen and elastin when epicardial 
coronary arteries were examined histologically. However, 
no mention was made of smaller coronary vessels. For 
obvious reasons, our evaluation of epicardial coronary 
arteries was limited to contrast angiography. Coronary 
arteriograms can be interpreted as normal in the presence 
of significant changes in the vessel wall if the latter is 
concentric in nature.? Although not directly visualized, it 
is conceivable that the changes we observed in smaller 
coronary vessel walls are part of a generalized pathologic 
process of the coronary arterial tree and, as such, may 
represent an important link in the pathogenesis of myo- 
cardial ischemia in patients with cocaine abuse. The 
changes could be anatomic counterparts of increased cor- 
onary vascular resistance; yet, the episodic nature of pain 
and the temporal relation to cocaine use suggest that 
other factors may be involved. 

A potential mechanism may be plugging of the abnor- 
mal small vessels by platelet thrombi formed either 
through the direct effect of cocaine on platelets? or 
through an a-adrenergic-mediated increase in platelet 
aggregability.'? Cocaine directly increases thromboxane 
production and platelet aggregation when platelets are 
exposed to arachodonic acid in vitro.? The vasoconstrictor 
activity of thromboxane A» on small to medium sized 
arteries may also participate in increasing coronary vas- 
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FIGURE 1. Marked thickening of an intramyocardial coronary 
artery in a heart biopsy of a 27-year-old cocaine abuser. The 
vessel appears larger because of thickening of the wall when 
compared with the surrounding myofibers. (Hematoxylin and 
eosin stain, x 500.) 
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cular tone. The sequence of these events would explain 
the development of acute chest pain soon after cocaine 
use in patients with preexistent abnormal coronary circu- 
lation. Clearly further studies are needed to confirm our 
hypothesis. Furthermore, the direct effect of cocaine on 
the coronary circulation in chronic abusers needs to be 
further characterized. Studies are underway to answer 
some of these questions. 
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Xamoterol in Autonomic and Intrinsic Sinus Node Dysfunction 


Maarten P. van den Berg, MD, Jan Willem Viersma, 


i: a recent study, pindolol, due to its intrinsic sym- 
pathomimetic activity or partial agonism, appeared to 
be of some benefit in the treatment of sinus node (SN) 
dysfunction.! Xamoterol is a cardioselective 8-adreno- 
ceptor partial agonist. However, the degree of partial 
agonism is substantially higher in xamoterol than in pin- 
dolol; 43 versus 30%.’ In this study the effect of xamoterol 
on heart rate and pacemaker activity was evaluated in 
patients with SN dysfunction in whom a VVI pacemaker 
was implanted previously because of incapacitating 
symptoms. In addition, autonomic blockade with pro- 
pranolol and atropine? was carried out to determine the 
underlying pathophysiologic mechanism (intrinsic or 
autonomic SN dysfunction) and to relate these findings 
to the effect of xamoterol. 

Thirteen consecutive patients (6 women, 7 men rang- 
ing in age from 44 to 70 years [mean 63]) with SN 
dysfunction were entered into the study. In all these 
patients a VVI pacemaker had been implanted because 
of incapacitating symptoms associated with bradyar- 
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rhythmias on 24-hour Holter monitoring (sinus brady- 
cardia [<40 beats/min] and/or sinus arrest [>3 s]). No 
rate responsive systems were used. Sinus tachycardia 
was defined as sinus rhythm >100 beats/min for at least 
1 minute. As part of the SN dysfunction 8 patients had 
episodes of supraventricular tachyarrhythmia, mostly 
paroxysmal atrial fibrillation. Baseline characteristics 
are listed in Table I. After informed consent was given, 
patients entered a 5-week, randomized, double-blind, 
placebo-controlled cross-over study. At entry the pace- 
maker was programmed to intervene after a pause of 
1,200 ms. Medication known to influence the sinus node, 
the atrioventricular node or sympathetic tone was 
stopped (except diuretics in 2 patients). After a run-in 
period of 2 weeks on placebo a baseline 24-hour ambula- 
tory electrocardiogram was recorded. Patients were then 
treated with xamoterol 200 mg twice daily or placebo for 
1 week and a second 24-hour ambulatory electrocardio- 
gram was recorded during the last day of treatment. A 1- 
week wash-out period preceded the second treatment 
period. The final 24-hour ambulatory electrocardio- 
gram was recorded during the last day of the second 
treatment period, which also lasted 1 week (Figure 1). At 
the end of the wash-out period the patients underwent 
autonomic blockade. Autonomic blockade was per- 
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FIGURE 1. Study design. DECG = 
ambulatory electrocardiogram. 
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formed using propranolol 0.2 mg/kg and atropine sul- 
fate 0.04 mg/kg intravenously. The resulting heart rate 
after 5 minutes was measured and by definition, taken to 
be the intrinsic heart rate? The measured intrinsic heart 
rate was then compared to the predicted intrinsic heart 
rate corrected for age. The recordings were analyzed 
with a computerized scanning system, allowing beat to 
beat analysis. Thus, pacemaker beats could be identi- 
fied. Paced beats terminating a compensatory pause af- 
ter an ectopic beat were identified and excluded from 
further analysis. Mean heart rate, tachyarrhythmias, 
including sinus tachycardia, and ventricular ectopic 
beats were also analyzed; p values <0.05 were consid- 
ered statistically significant. Figure 2 shows the median 
number of beats and the median number of paced beats/ 
hr of all patients during treatment with xamoterol and 
placebo. With xamoterol there was an increase in median 
heart rate from 56 to 60 beats/min between 9 p.m. and 8 
A.M. hours (p <0.02, paired Wilcoxon rank sum test) and 
pacemaker activity was reduced; during these nocturnal 
hours the median number of paced beats/hr was 347 with 
placebo and 20 with xamoterol (p <0.05, paired Wil- 
coxon rank sum test). Figure 3 shows the pacemaker 
activity of the individual patients for the whole record- 
ing. Two patients had no pacemaker activity in either 


- treatment period. One patient showed an increase in the 


number of paced beats during treatment with xamoterol, 
both during the day and night. However, in most patients 
the mean number of paced beats/hr was substantially 
decreased during xamoterol treatment. For the whole 
recording the reduction exceeded 50% in 8 of 11 patients. 
During the day there was a low incidence of paced beats 
in most patients, both with placebo and xamoterol. Six 
patients showed no effect during the day but 4 patients 
still showed a reduction in the number of paced beats 
>50% (difference not significant). Xamoterol signifi- 
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FIGURE 2. Median number beats and median number paced 
beats with xamoterol and placebo. 
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cantly reduced sinus tachycardia. The total duration of 
sinus tachycardia was 1,189 minutes with placebo and 
332 minutes with xamoterol (p «0.05, Wilcoxon 
matched pairs signed rank test). Autonomic blockade 
was carried out in 12 patients; 7 patients had an intrinsic 
heart rate within predicted limits and 5 patients had an 
abnormal intrinsic heart rate. One patient refused to 
undergo autonomic blockade (Table I). All patients with 
a normal intrinsic heart rate showed a reduction in the 
mean number of paced beats/hr for the whole recording 
>50% (p «0.05, Fisher exact test). In patients with an 
abnormal intrinsic heart rate the effect was variable. 
During treatment with placebo supraventricular ta- 
chyarrhythmias occurred in 3 patients, paroxysmal atri- 
al fibrillation in patients 11 and 12 and atrial tachycar- 
dia in patient 3. With xamoterol atrial tachycardia was 
only slightly reduced (8 to 6 hours) but paroxysmal 
atrial fibrillation was substantially reduced (7 to 3 hours 
and 12 to 0 hours, respectively). There was a low inci- 
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FIGURE 3. Mean number paced beats/patient/hr with placebo 
and xamoterol for whole recording. 


THE AMERICAN JOURNAL OF CARDIOLOGY MARCH 15, 1990 815 


^ 


E eee ee 


Holter Intrinsic HR 
3" Monitoring* (beats / min) 


SB 

SB, PAF 

SA, SB, PAT 
SA, PAF 

SA, SB 

SB, PAF, PAFL 


o+-0o000 000400 


SA, SB, PAF 
SA, SB, PAF 
SA, SB 


* Symptoms and 24-hour Holter monitoring before pacemaker implantation; ! ab- 
normal intrinsic heart rate (HR); predicted intrinsic HR = 118.1 — (0.57 X age) + 
18%. 

D = dizziness; P = palpitations; PAF = paroxysmal atrial fibrillation; PAFL = paroxys- 
mal atrial flutter; PAT = paroxysmal atrial tachycardia; S = syncope; SA = sinus arrest; 
SB = sinus bradycardia. 


+OO004+004404+4+4 


0 
4 
+ 
+ 
+ 
-+ 
+ 
+ 
0 
0 
-+ 
0 
+ 


O O 


dence of ventricular ectopic beats (in only 1 patient did 
ventricular ectopics exceed 30/hr) and the incidence was 
not altered by xamoterol. 

The results of this study support earlier observations 
that drugs with partial agonist activity on the 6-adreno- 
ceptor may be beneficial in treating SN dysfunction. !-4 In 
the present study all patients had SN dysfunction with 
incapacitating symptoms for which a pacemaker had 
been implanted. With xamoterol nocturnal heart rate was 
significantly increased and sinus tachycardia was sub- 
stantially reduced. The occurrence of bradyarrhythmias 
as assessed by analysis of pacemaker activity was reduced 
with xamoterol in 8 of 11 patients showing pacemaker 
activity. As expected, considering the fact that xamoterol 
acts as an agonist when sympathetic tone is low,> the 
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reduction of pacemaker activity was most marked during 
the night. Autonomic blockade did provide valuable addi- 
tional data to explain differences in response to xamo- 
terol, although conclusions must be drawn with caution, 
as the number of patients was small. In all patients with 
autonomic SN dysfunction xamoterol reduced pacemak- 
er activity. Thus, it seems that when reduced sympathetic 
tone is involved as in autonomic SN dysfunction, partial 
agonism might restore autonomic balance and prevent 
bradyarrhythmias. The reduction of paroxysmal atrial 
fibrillation with xamoterol in this study is intriguing and 
needs confirmation. It is assumed that excessive vagal 
tone can precipitate atrial fibrillation by increasing dis- 
persion of atrial refractoriness.ó At rest xamoterol in- 
creases sympathetic tone and might thus prevent atrial 
fibrillation. The antagonistic effect of xamoterol when 
sympathetic tone is high might also be responsible for a 
beneficial effect on atrial fibrillation by reducing atrial 
ectopy. Finally, prevention of heart rates that are too low 
may prevent occurrence of atrial escape beats that may 
be responsible for pause-induced triggered activity initi- 
ating atrial fibrillation. 
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A Case-Control Study on the Association Between First Trimester 
Exposure to Lithium and Ebstein’s Anomaly 


PhD, and Robert M. Freedom, MD 


Eli Zalzstein, MD, Gideon Koren, MD, Tom Einarson, 


E carbonate is considered to be a first-line drug 

in the management of manic depressive psychosis. 
According to Food and Drug Administration figures 
0.1% of pregnant women are using this medication.! Dur- 
ing the last 2 decades accumulated data have suggested 
that lithium carbonate may be teratogenic in humans? 
The Danish registry has accumulated over 200 cases, 
among which there was a 10% occurrence rate of cardiac 
malformations.? This rate appears high when compared 
to the 0.196 risk for such malformations in the general 
population.? In particular, the Danish registry reported 8 
cases of the rare Ebstein's anomaly which occurs sponta- 
neously in only 1 of every 20,000 births, suggesting a 
relative risk of 500-fold above that in the general popula- 
tion. 

However, the information in this registry has been 
collected by a voluntary reporting system and does not 
represent systematically collected data. It has been ar- 
gued that families and physicians caring for malformed 
babies are more likely to report adverse fetal outcomes to 
the registry than normal outcomes,’ as was the case with 
retinoic acid.? This reporting bias may create a false 
impression of a teratogen when, in fact, the drug may not 
be teratogenic. The implication of wrongful incrimina- 
tion of a drug like lithium may be immense; women may 
not be optimally treated during conception and pregnan- 
Cy or, if treated before pregnancy was recognized, they 
may wish to terminate pregnancy to avoid an increased 
teratogenic risk. Since our team provides counselling for 
women in greater Toronto on the safety of drugs and 
chemicals, we are continuously witnessing both these Op- 
tions being taken by women. 

To the best of our knowledge no controlled studies 
have tried to define the teratogenic risk of lithium in 
humans. In dealing with a rare malformation such as the 
Ebstein's anomaly, a sample size >400 women exposed to 
lithium and a similar group of nonexposed women would 
have to be collected prospectively in order to detect a 10- 
fold increased risk with an alpha of 0.05 and power of 0.8. 

A more realistic approach to try to address this ques- 
tion would therefore be the case-control study where one 
focuses on the rare event, namely the Ebstein's anomaly, 
and compares maternal drug exposure in pregnancy of 
children having this malformation with those of a control 
group. 

Because our cardiology division is the tertiary referral 
center for a population of about 6 million, we have had 
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the rare opportunity to ascertain a large number of cases 
of Ebstein's anomaly and thus to test the association 
between first trimester exposure to lithium and this mal- 
formation. 

We reviewed the 59 cases of patients born between 
1971 and 1988 and diagnosed in our hospital as having 
Ebstein's anomaly. Earlier cases were not included be- 
cause lithium carbonate was not available in Canada 
before 1970. The diagnosis of Ebstein's anomaly was 
performed by cineangiography until 1970 and M -mode 
or 2-dimensional echocardiography since then. When the 
displacement of the septal cusp in millimeters is indexed 
to body surface area, patients with Ebstein's anomaly 
can be clearly separated from normal children, from 
patients with atrial septal defect or from patients with 
symptomatic tricuspid insufficiency not due to congeni- 
tal heart disease.^ A displacement >8 mm/m? is diag- 
nostic of Ebstein’s anomaly. 

Complete medical and drug exposure history during 
pregnancy with special focus on the first trimester was 
available in 50 patients. In the additional 9 cases the 
information was unavailable or incomplete; these fami- 
lies were contacted and the missing information was 
obtained in all instances. 

We reviewed all cases of patients diagnosed in our 
hospital as having neuroblastoma between January 1971 
and October 1986. All charts were reviewed to ascertain 
the diagnosis by a report of pathologic examination. 
Details of paternal and maternal medical history and 
drug use were available in all cases. 

The rates of lithium exposure during the first trimes- 
ler were compared between the 2 groups using Fisher's 
exact test. Means of values in the 2 groups were com- 
pared by the Student's t test for unpaired data. 

Ebstein's anomaly was diagnosed at a mean age of 
128 days (range 1 day to 9 years). In 1 case the diagnosis 
was made in utero by fetal echocardiography and was 
confirmed postnatally. Most children had additional 
cardiac malformations and some had noncardiac anom- 
alies (Table I). Of these 59 patients, 45 survived and 14 
had died at the time of our analysis. 

Mean age of the mothers at birth was 26 + 5.5 years 
(range 14 to 39); they had on average 2.3 + 1.5 pregnan- 
cies (range 1 to 6) with 1.3 3: 1.4 previous children (range 
0 to 5). 

Maternal illnesses and drug use are listed in Table II. 
None of the mothers had manic depressive psychosis or 
were treated with lithium carbonate before or during 
pregnancy. Of particular interest, 1 woman in the study 
group had an Ebstein’s anomaly herself. 

The control group consisted of 168 children with neu- 
roblastoma. Of these, 2 women had depressive disorders: 
1 had manic depressive disorder treated with lithium 
during pregnancy. The diagnosis of neuroblastoma was 
made between 1 day and 3 years of age (mean 204 days), 
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TABLE I Clinical Characteristics of 59 Children Diagnosed 
with Ebstein’s Anomaly 






No. of 
Cases 



























Cardiac anomalies 


Right-sided Ebstein's anomaly 48 
Atrial septal defect 42 
Patent ductus arteriosus 15 
Pulmonary atresia 12 
Left-sided Ebstein's anomaly 11 
Ventricular septal defect 10 
Pulmonary stenosis 9 
Mitral valve prolapse 4 
Aortic valve atresia 2 
Correlation of aorta 2 
Dextrocardia 1 
Wolf-Parkinson-White syndrome 1 
Sick sinus syndrome l 
Aortic arch interruption 1 


Noncardiac anomalies 
Phenyl ketone urea l 
Midline kidney l 
Cleft lumbar vertebra 1 
Undescendent testis 1 
Accessory spleen 1 
Marfan's syndrome 1 






Age at diagnosis was 129 + 465 days (range 1 day to 9 years). 







TABLE Il Clinical Characteristics of Mothers to 59 Children 
with Ebstein's Anomaly 











Maternal illness in pregnancy 
Diabetes mellitus 
Multiple sclerosis 
Ebstein's anomaly 
Paroxysmal atrial tachycardia 
Appendicitis 
Urinary tract infection 
Acute follicular tonsillitis 
Car accident 
Medications taken in the first trimester 
Ampicillin 
Insulin 
Penicillin 
Erythromycin 
Miconazole 
Dimenhydrinate 
German measles vaccination 
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The age at labor was 26 + 5 years (range 14 to 39); the number of pregnancies was 
2.3 + 1.5 (range 1 to 6); the number of siblings was 1.3 + 1.4 (range O to 5). 





which was not significantly different from the age of 
diagnosis of Ebstein's anomaly. 

The rates of lithium exposure in pregnancy did not 
differ between the study and control groups (95% confi- 
dence limit, 0.04 to 26.13). 

The power of case-control studies in assessing repro- 
ductive effects of drugs is in their immense sensitivity; the 
researcher is focusing on the adverse event itself, thus 
magnifying the ability to detect relatively small increases 
in risks for which many more prospective cases need to be 
collected. 
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However, such studies may be impaired by a variety 
of shortcomings.’ In particular, the search for drug expo- 
sure in pregnancy is conducted retrospectively and wom- 
en's ability to recall drug use may be grossly impaired.5? 

We have recently shown that recall is significantly 
better for long-term drug use than for over-the-counter 
medications. Manic depression in pregnancy is unlikely 
to be missed during the interview; this is a chronic illness 
with major impact on day-to-day life. Lithium, if used, 
has to be taken daily in order to be effective. Moreover, 
the notion of the potential teratogenic effect of this drug is 
quite well known; in our experience teratogenic drugs are 
recalled significantly better than nonteratogenic expo- 
sures.? 

For a control group we have chosen children with 
neuroblastoma. It has been argued that mothers of chil- 
dren with adverse outcome may recall drug exposures 
during pregnancy differently from women having normal 
outcomes as the former search for a reason for the ad- 
verse outcome whereas the latter do not have a reason to 
remember such exposure.’ Therefore, it was deemed nec- 
essary to have a control group with comparable likelihood 
to recall pregnancy events as the study group. The diag- 
noses of Ebstein’s anomaly and neuroblastoma were 
made at comparable postnatal age; therefore, it is highly 
unlikely that there was a different recall pattern of the 
disease (manic depression) or treatment (lithium) be- 
tween the 2 groups. 

Our study has detected 1 case of intrauterine lithium 
exposure in the 168 mother-child pairs control group with 
neuroblastoma, but no cases in mothers of 59 children 
with Ebstein's anomaly. 

It has been estimated that 1:1,000 pregnant women 
are presently treated with lithium.! The occurrence of 
Ebstein's in the general population is 1:20,000 and there- 
fore, the likelihood of this malformation to occur sponta- 
neously in a pregnant woman taking lithium is 1 in 20 
million. Therefore, 59 cases of Ebstein's anomaly cannot 
rule out an association between the drug and the anomaly 
even in the presence of 0 lithium exposures. It can how- 
ever rule out with 80% power and an alpha of 0.05, an 
increased risk of more than 28-fold. This potential risk is 
much lower than the 500-fold calculated from the uncon- 
trolled Danish registry. 


1. Rosa F. Lithium in pregnancy. Presented to the 2nd International Conference 
of Teratogen Information Services, Toronto, April 1989. 

2. Workany J. Teratogen update: lithium. Teratology 1988;38:593-596. 

3. Briggs GG, Freeman RK, Yaffe SJ. Drugs in Pregnancy and Lactation (2nd 
ed.). Baltimore: Williams & Wilkins, 1986:251-253. 

4. Kallen B, Tandberg A. Lithium and pregnancy. A cohort study on manic 
depressive women. Acta Psychiatr 1983,68:1 34-1 39. 

5. Koren G. Retinoic acid embryopathy. N Engl J Med 1986;315:262. 

6. Shiina A, Seward JB, Edwards WD, Hagler DJ, Tajij AJ. Two dimensional 
echocardiographic spectrum of Ebstein’s anomaly: detailed anatomic assessment. 
JACC 1984;3:356-370. 

7. Ibrahim MA, Spitzer WO. The case control study: the problem and the 
prospect. J Chronic Dis 1979;32:139-144. 

8. Mitchel AE, Cottler LB, Shapira S. Effect of questionnaire design on recall of 
drug exposure in pregnancy. Am J Epidemiol 1 986;123:670-676. 

9. Feldman Y, Koren G, Mattice D, Shear H, Pellegrini E, MacLeod SM. 
Determinants of recall and recall bias in studying drug and chemical exposure in 
pregnancy. Teratology 1989;40:37-46. 


EE eme rae ee sae ie 
Evaluation of Fontan’s Operation by Magnetic Resonance imaging 
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Richard Underwood, MRCP, and Donald Longmore, FRCS 


Fs procedures for tricuspid atresia!- and 

the modifications used for other complex cyanotic 
cardiac malformations^3 should be judged by the compli- 
cations and long-term state of patients.ó The most impor- 
tant complication is insidious obstruction. Early recogni- 
tion of this is vital since it can lead to arrhythmias and loss 
of atrial and ventricular function. At catheterization at- 
tention must be paid to small gradients as low as 2 or 3 
mm Hg. A reliable noninvasive method for assessing the 
atriopulmonary connection as well as the cardiac function 
applicable to outpatients is necessary for proper manage- 
ment. Magnetic resonance imaging (MRI) has been used 
as a noninvasive method of assessing congenital heart 
disease, both pre- and postoperatively.’"'° This study 
assesses its value for demonstrating the anatomy of the 
atriopulmonary connection and recognizing obstruction 
compared to 2-dimensional echocardiography and the 
findings at catheterization and operation. 

Fourteen patients who had had Fontan’s operation or 
a modification and were judged suitable to remain still 
in the magnet for the hour necessary to acquire the im- 
ages were studied on 17 occasions by 2-dimensional 
echocardiography and subsequently by MRI (Table I). 
Multiple spin echo images were obtained in transverse, 
sagittal and coronal planes. Measurements of the diam- 
eter of the atriopulmonary connection were recorded 
from the MRI at the proximal and distal suture lines 
and at 2 intermediate points, 1 of which was retrosternal 
and the other more distally at the conduit valve when 
present. Measurements from the 2-dimensional echocar- 
diograms were attempted at the same points but could 
only be made when the conduit was visible. In 8 patients 
the left ventricular ejection fraction was calculated from 
the summation of systolic and diastolic cavity areas in 
contiguous transverse 1 cm magnetic resonance slices as 
previously described.!! Nine patients had cardiac cathe- 
terization and angiography within 3 months of the imag- 
ing investigations and in 5 of these patients, pressure 
gradients between 3 and 10 mm Hg were recorded in the 
conduit (Table I). Complete measurements were ob- 
tained on the magnetic resonance images in 15 of the 17 
studies and in the other 2 studies, measurements were 
obtained at 3 of the 4 points (Table II). The magnetic 
resonance measurements were correlated with the find- 
ings at catheterization. In the 5 patients who had gradi- 
ents, the minimal diameters of the atriopulmonary con- 
nection on MRI measured between 8 and 13 mm and 
corresponded in position with the site of the gradient, 
being proximal in 1, distal in 1 and in the middle corre- 
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sponding to the position of the valve in 3 (Figures 1, 2 
and 3). Four other patients had catheterization at which 
no gradient was recorded. Patient 6 had 2 atriopulmo- 
nary connections; the first between the right atrium and 
the right pulmonary artery was narrowed to 8 mm at the 
homograft valve and 6 mm at the distal suture line, 
Which, had it been the only outlet from the right atrium, 
would be expected to have a gradient. However, the sec- 
ond connection from the right atrium to the outflow 
proximal to the pulmonary valve was wide and presum- 
ably carried the flow. Patient 9 had a distal suture line 
diameter of 9 mm but the pulmonary arteries beyond 
were small, particularly the left; despite this there was 
no gradient. The rest of the diameter measurements 
ranged from 11 to 35 mm (Table II). Patient 3 had 
hypoplastic pulmonary arteries with diameters of 5 and 
6 mm and an obstructed Hancock valve conduit. This 
was confirmed at reoperation and although the conduit 
was replaced with a pulmonary homograft the distal 
obstruction could not be relieved and the patient died. 
Two other patients had a pulmonary artery diameter of 
S6 mm but in both instances the opposite artery was of 
reasonable size. In patient 14, who had a pericardial 
conduit and homograft valve, the conduit itself was not 
stenosed but there was a large thrombus on the anterior 
wall of the right atrium that did not involve the origin of 





FIGURE 1. Transverse image of conduit in patient 1 showing 
narrowing to 9 mm at distal suture line (arrow). This corre- 
sponded to a gradient of 3 mm Hg at catheter. AA = ascend- 
ing aorta; B — bronchus; C = conduit; DA = descending aorta; 
SVC = superior vena cava. 
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the conduit. The anatomy of the conduit was difficult to 
display by 2-dimensional echocardiography. In 9 pa- 
tients the conduit was not seen and no measurements 
were possible. In the rest of the patients it was only partly 
seen and the retrosternal area could not be viewed at all. 
In the 5 patients with a gradient at catheterization, the 
obstruction was recognized on echocardiography in pa- 
tient 7 but missed in the other 4. 

Obstruction in atriopulmonary connections used in 
Fontan’s operation and modifications develops insidious- 
ly at different sites and may not at first cause obvious 
manifestations or symptoms. Conventional echocardiog- 


FIGURE 2. Coronal image through proximal suture line of 
conduit in patient 7 showing intimal thickening (arrows) 
narrowing lumen to 8 mm, corresponding to a gradient at 
catheter of 4 mm Hg. This conduit was excised and replaced 
and sections at the atrial end showed extensive fibrosis 

and obstruction of the conduit by collagen and granulation 
tissue. RA = right atrium; VS = ventricular septum. 
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raphy with good quality equipment is often unsatisfacto- 
ry for the recognition of obstruction, mainly because of 
the difficulty in viewing the retrosternal area where the 
conduit lies, but also because in adolescents and adults 
with congenital heart disease, chest deformities are com- 
mon, giving additional problems. Transesophageal echo- 
cardiography may provide better images but this must be 
regarded as an invasive and sometimes unpleasant inves- 
tigation. Cardiac catheterization is reliable for gradient 


FIGURE 3. Transverse image of nonvalved Dacron conduit be- 
tween right atrium and outflow proximal to pulmonary valve in 
patient 13. Gradient of 3 mm Hg in conduit corresponding to 
minimum diameter on magnetic resonance image of 8 mm 
(arrow). At reoperation there was a thick partially calcified 
lining of 3 mm within the Dacron, which was excised and 
replaced with autogenous pericardium. la — left atrium; ot 

= outflow tract; ra = right atrium; v = ventricle. 
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measurement but is invasive and carries a morbidity. 
Small gradients «5 mm Hg should not be ignored and are 
typically found when the obstruction is severe and the 
cardiac output is low. 

MRI can be used not only to detect conduit obstruc- 
tion but also to provide important information about ven- 
tricular function by the multislice method, which has 
been shown to be accurate. The results of this study 
demonstrate MRT's reliability in displaying the conduit 
throughout its length so that the site of any obstruction 
can be recognized and measured. However, it should be 
noted that calcification, which is commonly found in 
these conduits, gives no magnetic resonance signal but the 
good correlation with the pressure gradients in this study 
indicates that calcific material must have been confined 
to the wall of the conduit and was rarely responsible for 
encroachment on the lumen. Correlation of the diameter 
measurements with the catheterization data shows that a 
gradient would be expected in conduits with a minimum 
diameter «10 mm and 1 patient had a small gradient 
with a minimum diameter of 13 mm. Although conduit 
diameter is not the only determinant of pulmonary flow in 
these patients, the results suggest that a conduit diameter 
«15 mm may be insufficient in adolescents and adults to 
carry the systemic venous flow and the optimal diameter 
may be >20 mm. Recent work on flow and turbulence 
suggests that the shape of the atriopulmonary connection 
is also of importance in determining whether efficient 
forward flow to the lungs can be maintained!?; this is 
currently being studied in our unit using magnetic reso- 
nance flow sequences. 

MRI has some disadvantages. A cooperative patient 
who can lie still during acquisition is required. Otherwise, 
the images are degraded by motion artifact. The occa- 
sional patient is claustrophobic and cannot enter the mag- 
net. Atrial fibrillation and other causes of an irregular 


RR interval also result in image degradation. A pace- 
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DV = diastolic volume; EF = ejection fraction; LA = lower anastomosis; LPA = left pulmonary artery; NA = not applicable; RPA = right pulmonary artery; RS = retrosternal area; SV 
= stroke volume; UA = upper anastomosis; VL = valve level; — = no measurement obtained. 
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maker is an absolute contraindication. Last but not least, 
the investigation is expensive and currently is not widely 
available. Our data indicate that MRI, unlike echocardi- 
ography, is a reliable noninvasive method of studying the 
atrioventricular connection after Fontan’s operation and 
that catheterization can be reserved for patients in whom 
the conduit appears narrow or the findings are equivocal. 
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Endomyocardial Biopsy in Cardiac Transplant Recipients Using the 
Femoral Venous Approach 


Jean-Jacques Goy, MD, Daniele Gilliard, MD, Urs Kaufmann, MD, Jean-Christophe Stauffer, MD, 
Pierre Vogt, MD, Claude Genton, MD, and Lukas Kappenberger, MD 


Re ventricular endomyocardial biopsy is current- 
ly used to evaluate myocardial disease and to assess 
the degree of rejection after heart transplantation. For 
this indication, use of Doppler echocardiography! by 
some investigators fails to confirm the rejection.? The 
techniques for right ventricular endomyocardial biopsy 
have been extensively described by the group at Stan- 
ford.? The right subclavian venous approach is recom- 
mended and the femoral approach discouraged due to the 
difficulties of positioning the bioptome through the tri- 
cuspid valve. Moreover, with the femoral route the speci- 
mens are often taken in the high portion of the septum, 
increasing the risk for transient or permanent right bun- 
dle branch block. Investigators in a previous study com- 
paring the femoral and jugular approach for endomyo- 
cardial biopsy have concluded that the femoral route is a 
safe approach; they also reported a low incidence of com- 
plications.^? We describe our experience with endomyo- 
cardial biopsy in heart transplant recipients using either 
the right or left femoral venous approach repetitively. 
Sixteen patients (3 female, 13 male) have undergone 
transplants since December 1985 and are being followed 
in our hospital. Rejection state was evaluated by endo- 
myocardial biopsy and performed by 5 different physi- 
cians. However, >90% of the biopsies were taken by just 
1 of them. Four to 6 samples were obtained at each 
procedure. Samples with a diameter >1.5 mm were 
judged to be of sufficient size by the pathologist. Either 
the right or left femoral vein is catheterized using a 
percutaneous technique (Seldinger). Under fluoroscopic 
control a 0.032-inch long J guidewire is inserted with its 
extremity positioned in either the right atrium or more 
effectively in the right ventricle. An 8 Fr transseptal long 
sheath (Figure 1) (USCI) is inserted and advanced to the 
right side of the heart across the tricuspid valve and with 
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a clockwise rotation applied against the interventricular 
septum. The guidewire and the internal part of the long 
sheath are then removed. The flexible bioptome (Figure 
1) (Cordis or Olympus) is then inserted in the long 
sheath, advanced in the right ventricle and positioned 
against the interventricular septum with a clockwise ro- 
tation. The biopsy is performed in the frontal projection 
without confirmation of the position of the bioptome 
with the lateral projection. Measurements of the pres- 
sure using the side arm of the long sheath are not neces- 
sary since ventricular premature beats confirm the posi- 
tion when the long sheath is advanced in the right ventri- 
cle. The bioptome jaws are then opened until a pressure 
is sensed by the operator. The bioptome is closed and 
withdrawn. Five to 6 specimens of the right interventric- 
ular septum are taken. The long sheath and the biop- 
tome are then removed. After 2 hours of observation in- 
hospital the patients are discharged. A total of 269 biop- 
sies have been performed (mean 17/patient). One 
thousand ninety-eight samples were collected. In 1,164 
of these (97%) the material removed was sufficient to be 
analyzed. The remaining samples, taken from a previous 
biopsy site, were not analyzable. There were no occasions 
when a biopsy procedure had to be repeated due to insuf- 
ficient sampling. No pericardial effusion or tamponade 
was noted. The only severe complication (0.3%) observed 
consisted of an arteriovenous fistula between the right 
arteria and femoral vein. This complication was treated 
surgically without any problems. The right femoral vein 
of this patient has been used again for biopsy 4 months 
after surgery without complication. Transient right bun- 
dle branch block has been observed on 6 occasions (2%) 
but resolved within 2 hours in all but 1 patient. In this 
last patient right bundle branch block occurred on 2 
consecutive occasions and persisted 6 hours the second 
time. No other conduction disturbances were noted. Lim- 
ited femoral hematoma was noted on 2 occasions (0.7%). 
Vasovagal reaction occurred once (0.396). Transient 
slight chest pain and chest discomfort due to the prema- 


FIGURE 1. Curved long 
sheath with side arm and 
flexible bioptome. 
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ture beats are often felt by the patient but do not last 
more than a few seconds. The average procedure dura- 
tion for a trained operator varies from 8 to 12 minutes. 

Endomyocardial biopsy is currently used in heart 
transplant recipients to evaluate the degree of rejection 
and is performed via the jugular vein. This approach is 
judged to be safe with a major complication rate of 1 to 
4%. Previous studies comparing jugular and femoral ap- 
proach show greater efficiency by the femoral route (95% 
of adequate specimen vs 89% by jugular vein).45 Similar 
complication rates of 1 to 2% are reported with both 
techniques but no report comparing the 2 approaches in 
heart transplant recipients is available. Our data are con- 
cordant since the efficiency of the procedure was 97% and 
the complication rate was 3.6%. These complications 
were minor and transient (3.3%) in all but 1 patient 
(0.3%), who needed surgical repairment of an iatrogenic 
femoral arteriovenous fistula. The right bundle branch 
block is probably due to direct trauma of the right branch 
of the His bundle and can also occur with the jugular 
route. Our 6 patients who experienced both approaches 
described less discomfort when the femoral approach was 
used. Moreover, the risk of pneumothorax and hemo- 
thorax does not exist with this approach. Technically, for 
an experienced cardiologist the femoral puncture is easier 
than the jugular; this certainly explains the difference in 
efficiency between the 2 techniques. The reported dura- 
tion of the procedure for both approaches is approximate- 
ly 20 to 30 minutes. This does not differ significantly from 
the mean duration of the procedure in our study (8 to 12 
minutes). It is best to enter the curve of the transseptal 
long sheath into the right ventricle. The application 


of clockwise rotation correctly positions the bioptome 
against the interventricular septum. Therefore, it is not 
necessary to confirm the position of the bioptome either 
by contrast injection or by using multiple fluoroscopy 
views. We have not noted pericardial effusion using this 
technique. The repetitive puncture of the femoral vein did 
not cause local problems in our patients when performed 
by a trained physician. The investigators who compared 
the size of the samples obtained with the 2 different 
techniques report that samples are usually larger using 
the jugular approach but 97% of our samples contained 
enough material to be analyzed by the pathologist; this is 
not an argument to prefer the jugular approach. The 2- 
hour immobilization is the major disadvantage of the 
femoral approach but does not preclude its use as an out- 
patient procedure. 

Our data indicate that the femoral approach for endo- 
myocardial biopsy in heart transplant recipients is a safe, 
quick and efficient procedure. The risk of severe compli- 
cations is very limited. Thus, in our laboratory it is the 
routine approach for myocardial biopsy. 
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FROM THE EDITOR 


Bombay and a Congress on 
Coronary Artery Disease 


7 February 1990 enroute Bombay, India, to Washington, 
DC: I am returning home after attending a World Con- 
gress on Coronary Heart Disease in Bombay, India. The 
President of the Congress was Dr. B.K. Goyal, President 
of the Heart Foundation of India, and the Secretary 
General was Dr. Lekha Pathak, Director of Cardiology at 
1 of the 4 University of Bombay medical schools and the 
only female head of a university cardiology department in 
India. Dr. Denton A. Cooley from Houston, Texas, who 
has operated on several hundred Indians and is something 
of a hero in their country, was honored as the Patron of 
the Congress. The foreign invited guest speakers included 
20 physicians from the USA, 5 from the United King- 
dom, 2 from Canada, 2 from France, 2 from the USSR, 
and 1 each from the Netherlands, Denmark, Spain, Aus- 
tralia, and Jordan. The Congress was attended by about 
1,200 physicians, nearly all from India. The meeting was 
held at the Taj Mahal Hotel, one of the finest hotels in the 
world, the older portion of which was opened in 1903. 

Bombay is an island—originally 7 islands—separated 
by a winding creek from the subcontinent and located on 
India’s western coast, the Arabian Sea. Landfill joined 
the 7 islands about 130 years ago. The island city occupies 
169 square miles of land, one half of which represents 
landfill. Bombay is the commercial and financial capital 
of India, the richest city in Southern Asia, and one of the 
largest manufacturing centers in the East. It contains 
15% of all factories in the country, 1 of every 10 manufac- 
turing jobs, and its textile industry produces 40% of the 
country’s cloth. Its 10 million people, making it larger 
than the entire country of Switzerland or Denmark or the 
Netherlands, represent about 1% of the country’s popula- 
tion, but they pay about 40% of the country’s taxes. The 
trend-setting Victorian City is also the Hollywood of In- 
dia, which is the world’s largest active cinema and video 
audience. Ten million Indians go to the movies every day 
and India produces about 800 films annually, twice as 
many as does the USA. As the gateway to India, Bombay 
handles 60% of India’s international flights and 40% of its 
domestic airline traffic. 

Because it is the most prosperous city in India, Bom- 
bay is inundated with persons seeking work from all over 
India, particularly from its own state, Maharashtra, and 
adjacent ones. It is estimated that about 1,000 Indians 
come to Bombay every day to settle permanently, and this 
migration has been going on for years. As a consequence, 
housing is totally inadequate and adequate housing is too 
expensive except for the well-to-do. In some areas of the 
city land costs $6,000/m? and these soaring land values 
have led to the razing of hundreds of ornate, century old 
homes, created by the British in old Bombay. About 50% 
of the 10 million in Bombay live in heartrending slums 
and the poorest of the migrants find a place to live only on 
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the sidewalks. These sidewalk 
sleepers, and there they urinate, 
defecate and fornicate, are esti- 
mated to number as high as 
500,000. I nearly stumbled over a 
little boy, appearing to be about 7 
years old, sleeping on the sidewalk 
less than 50 yards from the Taj 
Mahal Hotel, one of the most ele- | 
gant in the world, where I was f A 
staying. The slum dwellers live pri- 
marily by begging or by distilling "A | 
illicit liquor. The migrants into Bombay are more com- 
monly men than women and the resulting male to female 
ratio in Bombay is 4 to 3. As a consequence, Bombay is 
said to have the largest red-light district in Asia. Because 
the migrants into Bombay during the past several decades 
have come from several states and various districts within 
them, at least 10 languages are spoken in Bombay, the 
main ones being Marathi, the language of the Maharash- 
tra state, and Hindi. English is the main language of 
trade. Likewise, the religions of the Bombayites are var- 
ied. Hindu is the most common (nearly 85%) but Mus- 
lims, Sikhs (bearded and turbaned), Jains (an offshoot of 
the Hindu), Catholics (they frequently wear western 
dress), Koli (the fishermen), and Parsis (Jews) are all 
well represented. The Hindi are vegetarians, or at least 
they do not eat beef and they refuse to work in slaughter 
houses, and the Muslims shun pork. I was told by an 
Indian that I speak the Jain philosophy (the less animals 
we kill the healthier we are), and I was pleased by that 
comment. 

Life in Bombay is difficult. There are too many peo- 
ple, too many motorized vehicles, too little breathable air, 
too much noise, too little space (for living or for playing), 
too much movement, too much talking. The streets of 
Bombay are simply bursting with chaos, commotion and 
color. It is overwhelming in a way. Yet things seem to 
work, as they work nowhere else in India. The trains and 
buses, for example, seem to run on time. About 4.5 mil- 
lion local Bombayites ride trains every day and 4 million 
ride buses every day. Over 6,000 trucks bring produce 
and other products into the city every day. Bombay is not 
only the major port for shipping and receiving products in 
and out of India, but it also serves as the major transfer 
point for commodities produced and consumed all over 
India. For example, steel produced in Calcutta to be used 
in Madras, both Eastern Indian cities, is first transported 
to the wharves or pauses in the wholesale warehouses of 
Bombay before going to Madras. The mushrooming pop- 
ulation continues to encroach on the little remaining city 
land. Although the British created many parks, there now 
remains only 1 acre of open area— playing fields, parks, 
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benches, traffic circles—for every 3,000 residents. Lon- 
don has 8 times as much. Thus, areas for sport are inade- 
quate. On weekends and holidays, Chowputty Beach, 
Bombay's prime outdoor gathering place, is so crowded 
that space is available only for standing and the sand can 
hardly be seen. In an attempt to reduce traffic and train 
and bus crowding, working hours in many offices in Bom- 
bay are being staggered: some workers arrive at 8 A.M. and 
leave at 4 P.M.; others at 9 A.M. and leave at 5 P.M., others at 
10 A.M. and leave at 6 A.M., etc. 

About 150 certified cardiologists work in Bombay. 
The top ones work at 1 of the 4 university hospitals during 
the morning and early afternoon and then most go to their 
private offices for the later afternoon and early evening 
appointments. At the university, their salary is roughly 
equivalent to 300 US dollars a month. The top cardiolo- 
gists can earn up to $7,000/month additionally in their 
private practices. At the government-owned and railway- 
owned hospitals, the physicians also earn about $300/ 
month, but at the railway hospitals additional private 
practice is not permitted. The railway hospitals, however, 
provide their physicians with free housing on campus for 
their families and also free railway transportation any- 
time and anywhere in India. The working hours for these 
physicians also are regular, usually 9 A.M. to 5 P.M. 

About 20 cardiac surgeons work in Bombay and car- 
diac operations are performed at 10 hospitals in Bombay: 
at each of the 4 university hospitals (all under the Univer- 
sity of Bombay) and at 6 private hospitals. Surgeons at 
the university hospitals may or may not be able to have 
private practices at a private hospital, depending on their 
particular arrangement. Of the 20 surgeons, only about 
10 have heavy operative loads. The most active cardiovas- 
cular surgeons earn about $20,000 /month. The cost of a 
cardiac operation for a private patient in Bombay varies 
from $400 to $4,000, depending on the wealth of the 
patient. At the government and railroad hospitals, all 
care is “free” to the patient. Private insurance for nongov- 
ernment and nonrailway workers appears to be increas- 
ing. The total cost for a cardiac operation for a private 
patient in Bombay averages about $7,500, roughly 4 
times less than in the USA. In Bombay, about 50% of the 
cardiac operations now are for coronary artery disease 
and the other 50% are equally split between congenital 
and valvular heart disease. The most common valve oper- 
ation by far is mitral commissurotomy. 

Coronary angioplasty is increasing in India. About 
400 of these procedures were performed in 1989, half of 
them in Bombay. 

With poverty everywhere and vegetarianism so preva- 
lent, why is coronary artery disease so common in India 
and particularly in Bombay? There seems to be no ques- 
tion that coronary artery disease in Bombay is far more 
prevalent in the wealthy than in the poor and Bombay 


contains the largest number of wealthy people in India. 
Wealth attracts rich foods, which generally means those 
high in saturated fat and cholesterol. If only 196 of the 
population of Bombay is wealthy, this small percent still 
represents 100,000 people, but probably the upper 10% of 
persons in Bombay eat like the top 1%. 

Vegetarianism in India, of course, is common because 
Hinduism is the largest religion in India. At each of the 
delicious cafeteria style lunches and dinners at the Con- 
gress in Bombay, large signs designated the vegetarian 
and the nonvegetarian dishes. Furthermore, the menus in 
the hotel restaurants clearly divided the vegetarian and 
nonvegetarian dishes. But the vegetation dishes served in 
Bombay are by no means fat free, for they are often 
cooked in animal fat and served with large amounts of 
cream and ghee (concentrated cream). Furthermore, co- 
conut oil (92% saturated) and palm kernel oil (86% satu- 
rated) are commonly used on vegetables and other foods 
in India. Ice cream was served at each of the meals during 
the Congress and I noticed that many of those eating the 
vegetarian dishes were later filling their plates with ice 
cream and cake. Although McDonald's and Burger King 
have not been permitted to invade India, Bombay has its 
own Americanized versions in Pizza King and Big Bite. 
There both meat-containing and meatless hamburgers 
are available and both varieties contain a good bit of fat. 
Beef actually is the cheapest meat available in India: it 
costs $1.50/kg (in Japan a kilogram costs $70). It ap- 
pears that “vegetarianism” is a bit contaminated in India. 

India simply cannot afford coronary artery disease, 
the therapy of which is too expensive for a developing 
country. Much more important, however, is their mush- 
rooming population. Their country may not be able to 
feed more than 1 billion people and that number is pre- 
dicted by the year 2000. What happens to the kind, digni- 
fied, gracious, generous, warm and industrious people of 
Bombay may be a bellwether for predicting what will 
happen to the people in other megacities including Cal- 
cutta, Mexico City, Jakarta, Cairo, Addis Ababa, Sao 
Paulo, and even London, Los Angeles and New York. 
Elected politicians, however, do not win votes by telling 
couples how many children to have. Thus, India, the 
largest democracy in the world, I am afraid, will be un- 
able to control its population. It is much easier to treat 
coronary artery disease than excessive reproduction, but 
the latter disease is a much more important one to control 
for India. 


Lu. C Eis" 


William Clifford Roberts, MD 
Editor in Chief 
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READERS’ COMMENTS 

Left Ventricular Diastolic 
Volume Changes by Exercise 
Radionuclide Ventriculography 
in Normal Subjects and in 
Patients with Coronary Arterial 
Narrowing 


Choi et al' have suggested in a recently 
published study of exercise radionuclide 
ventriculography in patients with suspect- 
ed coronary artery disease that left ven- 
tricular end-diastolic volume may in- 
crease in normal subjects during supine 
exercise. We? previously evaluated the re- 
sponse of end-diastolic volume changes 
with upright and supine exercise in both 
patients with normal coronary arteries 
and normal left ventricular function and 
in patients with coronary artery disease 
with or without myocardial infarction. 
Our findings, using the same technique 
as that of Choi et al, demonstrated no 
changes in systolic volume in the supine 
position during maximal exercise com- 
pared with rest. However, there was a 20% 
increase in left ventricular diastolic vol- 
ume during exercise in the normal sub- 
jects studied by Choi et al. 

This discrepancy in findings may be due 
to the definition of normal subjects. In our 
study, the patients who were deemed 
"normal" had no coronary stenoses 250% 
and had normal left ventricular function 
at rest. They were able to exercise to a 
maximal heart rate of 155 + 16 beats/ 
min and a systolic blood pressure of 194 + 
26 mm Hg. The level of exercise was sig- 
nificantly higher than that instituted for 
the normal subjects of Choi et al, who 
were only able to exercise to a maximal 
heart rate of 118 + 28 beats/min and a 
systolic blood pressure of 159 + 29 mm 
Hg. This lower level of exercise in these 
"normal" subjects may be due to coronary 
atherosclerosis with stenoses <75%, car- 
diomyopathy, drug administration or sub- 
maximal exercise. Our finding of no 
change in end-diastolic volume with su- 
pine exercise is consistent with the data of 
Gorlinj? Slutsky* and their co-workers. 
The absence of a volume change during 
exercise in the supine position suggests 
that the patients are at the maximum of 
their Frank-Starling curve at rest, as dem- 
onstrated by Thadani et al. We found 
that patients in the upright position had a 
significant increase in left ventricular 
end-diastolic volume whether they were 
normal or had coronary artery disease. 

Thus, the conclusion of the investiga- 
tors that volume changes during supine 
exercise are not unidirectional may not be 
applicable to patients with normal ven- 
tricular function at rest who do not have 
coronary or myocardial disease. It should 
be noted that in normal subjects who are 
able to exercise to maximum, no change in 


Letters (from the United States) concerning a 
particular article in the Journal must be re- 
ceived within 2 months of the article's publica- 
tion, and should be limited (with rare excep- 
tions) to 2 double-spaced typewritten pages. 
Two copies must be submitted. 


left ventricular end-diastolic volume oc- 
curs during exercise in the supine position. 
M.R. Freeman, MD 

Toronto, Canada 

24 April 1989 
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namic significance of left ventricular diastolic 
volume changes by exercise radionuclide ven- 
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REPLY: We agree that there may be im- 
portant differences in the patient popula- 
tion in these studies. The majority of the 
patients in our “normal” group were 
women (13 of 20) and all had chest pain as 
their presenting symptom. This may ac- 
count for the lower workload attained 
during exercise. However, unlike previous 
reports, we correlated the changes in left 
ventricular diastolic volumes with left 
ventricular end-diastolic pressure. The 
difference in volume changes was not re- 
lated to the presence or absence of coro- 
nary artery disease, but only correlated 
with left ventricular end-diastolic pres- 
sure at rest. 
B. William Choi, MD 
Washington, DC 
19 May 1989 


Rapid Bolus Magnesium Sulfate 
for Supraventricular 
Tachycardia 


Wesley et al! report termination of 
supraventricular tachycardia by very rap- 
id intravenous bolus of 2 g of MgSO, over 
5 seconds. While we feel that the efficacy 
of such a protocol warrants further study, 
we find that rapid intravenous infusion of 
2 g of MgSO, places the patient at an 
unnecessary risk for cardiac arrest. 

Rapid intravenous administration of a 
large dose of MgSO, has been reported to 
cause fatal cardiac arrest in an eclamptic 
woman.? The dose of 4 g of MgSO, over 2 
minutes, which caused the arrest, in this 
report should be compared to the repeat 2 
g MgSO, boluses given over 5 seconds, 10 
minutes apart, in patient 9 of the study by 
Wesley et al. If 4 g over 2 minutes caused 
cardiac arrest, 2 g over 5 seconds could 
possibly cause the same. The authors cite 
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an article by Mroczek et al? to show that 
rapid, single, intravenous injection of 
MgSO, has no significant effect on blood 
pressure. However, the protocol in this 
study calls for the injection of 4 g MgSO, 
over 10 minutes; this is hardly the rate 
used by Wesley et al. 

Therefore, we feel that rapid intrave- 
nous bolus of 2 g MgSO, over 5 seconds 
represents a potentially harmful treat- 
ment. 

Jeff Atwood, mp 
Mark Walsh, mp 
Jennifer Hellman 
South Bend, Indiana 
29 July 1989 
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DiMarco JP, Crampton RS. Effect of intra- 
venous magnesium sulfate on supraventricular 
tachycardia. Am J Cardiol 1989;63:1129- 
1131. 

2. Richards A, Stather-Dunn L, Moodley J. 
Cardiopulmonary arrest after the administra- 
tion of magnesium sulphate. S Afr Med J 
1985;67:145. 

3. Mroczek WJ, Lee WR, Davidov ME. Effect 
of magnesium sulfate on cardiovascular hemo- 
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REPLY: The rationale for using rapid bo- 
lus injections of magnesium sulfate for the 
termination of supraventricular tachycar- 
dia was to show a clear-cut relation be- 
tween the administration of the drug and 
the termination of the tachycardia. Aside 
from flushing, several patients did have 
premature ventricular complexes and 
couplets. In 1 patient, a ventricular triplet 
was noted. Thus, we must concur with the 
points raised by Atwood et al concerning 
very rapid injection of magnesium sulfate. 
A reasonable intravenous dosing regimen 
for supraventricular tachycardia might be 
2 g over 1 to 2 minutes as described by 
Tzivoni et al for the treatment of torsade 
de pointes.! 
Robert C. Wesley, Jr., mp 
Long Beach, California 
25 July 1989 
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Effects of Dosing Intervals on 
the Development of Tolerance to 
High Dose Transdermal 
Nitroglycerin 


The fact that continuous administra- 
tion of nitroglycerin causes tolerance and 
that this can be avoided by intermittent 
regimens now rests on a considerable body 
of evidence. It would be most unfortunate 
if this were now to be thrown into doubt on 
the basis of the evidence cited in the recent 
study of Nabel et al.! 

They! compared the frequency and du- 
ration of spontaneous Holter-recorded 
episodes, before and during the applica- 
tion of nitroglycerin patches (30 to 60 mg) 
according to 2 regimens. Continuous ni- 
troglycerin was administered by applying 
patches for 24-hour periods and intermit- 
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tent nitroglycerin by applying patches for 
12 hours followed by 12 nitrate-free 


first day, was largely lost during the sec- 
ond day and intermittent therapy, in the 
authors’ view, did not Prevent the develop- 
ment of tolerance. 

While statistical analysis of the mean 
changes in the frequency and duration of 
attacks might suggest this conclusion, a 
glance at the figures suggests that this is 
not justified. Thus, during day 1 on con- 
tinuous therapy treatment, the frequency 
of attacks appears to have been reduced in 
8 of the 14 subjects (Figure 4). In 7 of 
these, a therapeutic gain on day 1 was lost 
during the second day on therapy. Inter- 
mittent therapy was also associated with a 
reduced frequency of episodes on day | in 
8 of the 14 patients. In only 4 of these, 
however, was the effect lost on day 2. In 4 
patients it was slightly greater. Even 
greater benefit of the intermittent regime 
is suggested by review of the duration of 
attacks shown in Figure 4B. 

Without the “aid” of Statistics, the rea- 
sonable conclusion from these data would 
be that the intermittent regimen was asso- 
ciated with the development of less toler- 
ance in this study (4 of 8 vs 7 of 8). The 
mean values were influenced by the very 
great variability in the frequency and du- 
ration of spontaneous ischemia in these 
subjects. The inclusion of 6 patients in 
whom the patches apparently had no ef- 
fect or caused deterioration on day 1 con- 
tributed to this misleading conclusion 
since it is impossible to evaluate tolerance 
in the absence of any therapeutic effect. 


13 June 1989 
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Selwyn AP. Effects of dosing intervals on the 
development of tolerance to high dose transder- 
mal nitroglycerin, Am J Cardiol 1989;63:663 
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S œ Wm exercise testing.!-? These 
sr ? demonstrated that tolerance 
seerin can be prevented, at least 

| SA roviding a nitrate-free inter- 
X ToS ective endpoint for these stud- 
les |. . ~M exercise tolerance. We chose 
the où ive endpoint of ST-segment de- 
pression detected by FM ambulatory 
monitoring in order to Study ischemia 
during daily life.4 Exercise testing and 
ambulatory monitoring are different 
methodologies, and one Cannot expect a 
riori that they will produce the same in- 
ormation. In addition, the data in support 
f intermittent dosing to prevent tolerance 
O transdermal nitroglycerin are mixed. 
Vhile some studies have indicated that 
dlerance might be prevented by intermit- 












tent dosing (exercise tolerance),56 other 
Studies are not so Straightforward.’ 

We also appreciated Dr. McGregor’s 
comments concerning individua] re- 
Sponses to intermittent dosing. If one 
looks carefully at Figure 4,^ it is true that 
several patients did benefit from the inter- 
mittent regimen. However, it is difficult 
to know the clinical utility of a post hoc, 
retrospective analysis. Al] patients were 
demonstrated nitrate responders before 


Were no clinical characteristics that sepa- 
rated those patients who benefited from 
intermittent dosing from those who did 
not. Therefore it is difficult to interpret 
the variable response to the intermittent 
regimen, other than to base our conclu- 
sion on the statistical means. We have rec- 
ommended that these initial findings be 
tested in a larger Prospective study, This 
might lend additional useful information 


intermittent dosing regimen using high 

doses of transdermal nitroglycerin. Dif- 

ferent doses given on an intermittent basis 

as well as different dosing intervals might 

provide more efficacious treatment strate- 
gies. 

Elizabeth G. Nabel, wp 

Andrew P. Selwyn, wp 

Boston, Massachusetts 

10 July 1989 
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Acquired Bicuspid Aortic Valves 


I read with interest the article on ac- 
quired bicuspid aortic valves by Cardella 
et al! in the April issue. The investigators 
stated that, with the exception of | study 
in 1965? they were unable to find support 
for their concept that some bicuspid aortic 
valves may develop on the basis of an ac- 
quired disorder such as rheumatic disease 
rather than as a congenital malformation. 
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Other similar data are available, how- 
ever.3-5 

In 1981, we reported observations in 
100 human hearts with bicuspid aortic 


were acquired} A comparison between 
our 50 acquired valves and the 75 exam- 
ples of Cardella et a] reveals similarities in 
mean ages (65 and 59 years, respectively) 


quency of fused commissures differs con- 
siderably. In our study, fusion of the right- 
left commissure Predominated not only 
for congenital bicuspid valves but also for 
the acquired bicuspid state (72 and 66%, 
respectively). This is in contrast to the fre- 
quency of only 35% for right-left fusion in 
the study by Cardella et al. 

This apparent discrepancy may be re- 


tent rheumatic involvement of congenital 
bicuspid aortic valves. 

It is also of interest that acquired bicus- 
pid valves now represent the most com- 
monly observed form of rheumatic steno- 
Sis among patients undergoing aortic 
valve replacement. In the setting of post- 
inflammatory (presumably rheumatic) 
disease, acquired fusion of only 1 commis- 
sure is found more frequently than fusion 


tion showed that acquired bicuspid aortic 
valves accounted for 137 (49%) of 278 
cases of postinflammatory aortic steno- 
sis.^^ F urthermore, a rheumatic cause for 
these examples was supported by the fact 
that the mitral valve also was functionally 
abnormal in 129 (46%) of the 278 cases 
and was involved by apparent rheumatic 
disease in all 99 cases in which it was ex- 
cised and was available for inspection bya 
pathologist.4.5 
William D. Edwards, MD 
Rochester, Minnesota 
12 May 1989 
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Number figures in the order in which they are mentioned in the 
text. Indicate the top of each figure. Submit written permission 
from the publisher and author to reproduce any previously pub- 
lished figures. Limit figures to the number necessary to present the 
message clearly. Type figure legends on à separate page, double- 
spaced. Identify at the end of each legend and in alphabetical order 
all abbreviations in the figure. The cost of color reproduction must 
be paid by the author. 

TABLES: Place each table on a separate page. typed double- 
spaced. Number each table in Roman numerals (Table I, II, etc.) 
and title each table. Identify in alphabetical order at the bottom of 
the table all abbreviations used. When tabulating numbers of pa- 
tients, use no more than 2 lines, preferably only 1 line, per patient. 
Use a plus sign (+) to indicate "positive" or "present," à Zero (0) 
for "negative" or *absent," and dash (—) for "no information 
available" or "not done." Do not use “yes” or "no" Or *none." 

BRIEF REPORTS and CASE REPORTS: Brief Reports and Case 
Reports must be limited to no more than 4 text pages (includi" 
the title page) and 6 references. Longer ones may be returned " 
out review. Neither an abstract nor a Table of Contents 
abstract is required for a Brief or a Case Report. Subheadi 
not used. 

READERS' COMMENTS: The author who submits a letter 
consideration for publication should provide a cover letter on his/ 
her own stationery to the Editor in Chief stating why the letter 
should be published. The letter (as well as references) for consider- 
ation for publication should be typed, double-spaced, on a separate 
sheet of plain white paper and limited, with few exceptions, to 2 
pages. The original and 2 copies should be submitted. A title for 
the letter should be provided at the top of the page. At the end of 
the letter, the writer's full name and city and state 
outside the US) should be provided. The author's title and institu- 
tion should not be included. A letter concerning a particular article 
in the Journal must be received (from authors within the US) with- 
in 2 months of the article’s publication. 

REPRINTS: Price schedules and order cards for reprints art 
mailed to the author upon publication of the article. Individual re 
prints must be obtained through the author. 

PERMISSIONS: Permission to reproduce figures published in th 
Journal is obtained by writing to: THE AMERICAN JOURNAI 
OF CARDIOLOGY, 249 West 17th St., New York, NY 10011 
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ners in a busy Northern California practice. This rapidly growing 


Cardiologist 
Suite 33-143 
4555 N. Pershing Ave. 
Stockton, California 95207 


June 27-29, 1990—ADVANCES IN ECHOCARDI- 
OGRAPHY, Snowmass, Colorado. Porter Memorial 
Hospital, Denver/Loma Linda University Medical Cen- 
ter, Pravin M. Shah, M.D., Director. 1-800-426-7374, 
ext. 4340 or (303) 777-9520. 






DIRECTOR 
San Antonio Heart Institute / Humana 


We seek a physician, ideally a cardiologist or cardio- 
vascular surgeon to provide the professional vision, 
leadership, management, and planning for this new 
multi-disciplinary private-practice regional referral 
and consultation center. The Institute is a newly es- 
tablished facility of the Humana Hospital San Antonio 
to provide state-of-art technology, clinical research 
facilities, and practice facilities for leading private 
Practice physiciams and surgeons. The Director will 
have full professional, financial, organizational, ad- 
ministrative, and programatic responsibilities for the 
Institute specializing in cardiology and cardiovascular 
surgery. We seek;a physician of maturity, recognized 
accomplishment4 and the reputation to allow leader- 
Ship in clinical pfáctice and clinical research. While a 
primarily admi strative position, we encourage clini- 
cal and researgh involvement. 


' Please send CV to: 





John B. Higgins 
P. O. Box 1184 


4 
j 
ò 
Yorthbrook, Illinois 60065 
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The American Journal of Cardiology order form 


The classified rate is $90.00 per column inch. An AJC 
box number is an additional $10.00 and for greater ex- 
posure try a one-quarter page ad for $450.00. 


The deadline for your ad copy is the 20th of the second 
month preceding publication for the Ist of month issue. 
For the 15th of month issue the deadline is the Sth of 
month preceding publication. 





Insert my ad 





times, beginning with (month) issue. 


ContactPergon: o SE 
Address: = 7 0 0r. ee eee M 
Authorized signature: === 


the copy of your message to coupon 






Please attach 


Please send all information or inquiries to: 
Margie Hisen 
The American Journal of Cardiology 
249 West 17th Street 
New York, NY 10011 
Tel: (212) 463-6463, Fax: (212) 463-6470 




















Cardiologists sought for two opportunities in New 
York State and Western Pennsylvania respectively. 
In both situations, an association with one other cardi- 
ologist is offered. Both positions offer an affiliation with 
a medium-sized progressive, local hospital and com- 
petitive, flexible financial packages. 

Both areas offer a good quality of life, sophisticated 
medical community, fine schools, affordable housing 
and easy access to nearby metropolitan areas. Please 
reply Box 1060, The American Journal of Cardiology, 
249 W. 17th St., New York, N.Y. 10011. 











IMMEDIATE OPENING/CARDIOLOGIST—New practice 
opportunity with à large referral base in beautiful central 
Kentucky for invasive BC or BE Cardiologist with PTCA ex- 
perience. Superb compensation package. Reply Box 1095, 
The American Journal of Cardiology, 249 W. 17th St., New 
York, N.Y. 10011. 






INVASIVE BC/BE CARDIOLOGIST— To join solo Cardiolo- 
gist in dynamic interventional and consultative practice in 
Central California. Expertise in permanent Pacemaker 
placement mandatory. Excellent salary/benefit package. 
Please send CV to: Box 1090, The American Journal of 
Cardiology, 249 W. 17th St., New York, N.Y. 10011. 





ASSOCIATE DIRECTOR, 
AW CARDIAC ELECTROPHYSIOLOGY 
PROGRAM 


Baystate Medical Center, an 878-bed regional referral hospital and 
the Western Campus of Tufts University School of Medicine, is 
expanding its Cardiac Electrop iology program, which 
presently includes 300 procedures per year, including AICD 
implants, and is involved in clinical research. The second elec- 
trophysiologist will join five full-time faculty in the Cardiology 
Division, and is expected to share the clinical and teaching respon- 
sibilities for six cardiology fellows, 42 medical, and 16 medicine- 

-trics residents, and other house staff. Recent experience with 

implantation, mapping, and catheter ablation is essen- 

tial. A full Tufts faculty appointment accompanies this position. 
Contact Ralph E. Gianelly, M.D., Chief, Cardiology Division, 
Department of Medicine, BAYSTATE MEDICAL CENTER, 
759 Chestnut Street, Springfield, MA 01199, (413) 784-4490. We 
are an Equal Opportunity Employer. 


ri 
Baystate Medical Center 


THE WESTERN CAMPUS OF TUFTS UNIVERSITY SCHOOL OF MEDICINE 
A member of Bavstate Health Systems 
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PEDIATRIC CARDIOLOGY —The Department of Pediatrics at 
the University of Washington School of Medicine is seeking a 
Head of their Division of Pediatric Cardiology. The University of 
Washington Program is involved with the full spectrum ofcon- | 
temporary pediatric cardiology and is based at Children's Hos- | 
pital & Medical Center. Responsibilities include clinical, admin- ~ 
istrative, research and academic overview of the Division. 3 
Applicants must have a proven record in basic or clinical re- 
search. The academic appointment at the level of Professor 

will be available after July 1, 1990. Inquiries should be directed 

to: W. Alan Hodson, M.D., Chair, Search Committee, Depart- 

ment of Pediatrics, RD-20, University of Washington, Seattle, 
Washington, 98195. The University of Washington is an Equal 
Opportunity/ Affirmative Action Employer. 





CARDIOLOGIST — Cardiologist needed in Midwestern 
Community to Associate with busy cardiologist. Predomi- 
nantly Non Invasive, but Cath may be possible in nearby 
major center. Excellent Salary with early partnership. 
Reply Box 950, The American Journal of Cardiology, 249 
W. 17th St., New York, N.Y. 10011. 
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Several vacancies exist for board-certified 
Cardiologists in the U.S. Army Medical 
Department. Unique professional oppor- 
tunities are available at locations in the 
United States and overseas. Interested in- 
dividuals must not have attaine\cheir 
52nd birthday. For further info. Ñ 
on benefits and professional oppyortuni- 
ties, call LTC Touchard at (303) 361-3208. 
Call collect. 
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Lopid® (Gemfibrozil Capsules and Tablets) 


Before prescribing, please see full prescribing information. 
A Brief Summary follows. 
CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. 
2. Preexisting gallbladder disease (See WARNINGS). 
3. Hypersensitivity to gemfibrozil. 
WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 


1 tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 


studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 
with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 1V2 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths inthe Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p- 0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 12 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p- 0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 559/ excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (^) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p-O.1). In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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Lopid® (Gemfibrozil Capsules and Tablets) 


from controls in the incidence of liver tumors, but the doses tested were lower than those 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two otherdrugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. 

5. Pregnancy Category B—Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Eng/ J Med 
1987;317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription. 
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Whats a common denominator of 
most heart attack victims? 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are 
common among heart attack victims,! and nearly two thirds of people 
who developed myocardial infarctionin the PROCAM Trial had a low 
(«35 mg/dL) baseline level of HDL cholesterol.” 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 


LOPID raised low HDL:-25% 


—in patients whose baseline HDL was below 35 mg/dL 
in the landmark Helsinki Heart Study (HHS)3 


Reduced heart attack incidence* up to 62% 


—in these HHS patients and 4595 in HHS patients whose baseline 
HDL was below the median (464 mg/dL). Incidence of serious 
coronary events was similar for LOPID and placebo subgroups with 
baseline HDL above the median (464 mg/dL)? 


A powerful case for 
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LOPID is indicated for reducing the risk of coronary heart disease (CHD) in Type llb patients with low HDL, in addition to elevated LDL and 
triglycerides, and who have had an inadequate response to weight loss, diet, exercise, and other pharmacologic agents such as bile acid sequestrants 
and nicotinic acid. 
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*Defined as a combination of definite coronary death and/or definite myocardial infarction. 


References; 1. Goldstein JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in coronary heart disease. |. Lipid levels in 500 survivors of myocardial 
infarction. J.Clin Invest. 1973;52:1533-1543, 2. Assmann G, Schulte H. PROCAM-Trial: Prospective Cardiovascular Münster Trial. Zürich: Panscientia Verlag; 1986:8-9. 
3. Data on file, Medical Affairs Dept, Parke-Davis. 


Please see adjacent page of this advertisement for warnings, contraindications, and brief summary of prescribing information. 
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